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An Assessment of the Vulnerability of Coastal Stone Monuments in Ireland: Summary 
Jason Bolton MA  
 
The overall aim of this research is to explore, evaluate, compare and contrast the vulnerability to physical 
decay and deterioration of archaeological and architectural stone monuments located along the Irish 
coast, with those found in unpolluted inland environments.  
 
The usefulness of the coast and rivers for the exploitation of natural resources, trade and communications 
has resulted in the historic development of towns, villages, individual buildings, monuments, structures 
and complexes along the coastlines of the world. The legacy of Irish archaeological monuments and 
historic buildings built in stone and found in close proximity to the coast ranges from the earliest tombs 
and ritual complexes to the wealth of medieval towns, fortifications and ecclesiastical settlements, through 
to the increasing diversity of post-medieval and 20th century cultural heritage, much of which has been 
constructed in stone. The coast is a dynamic system, an interface between land and sea where rapid 
change can have devastating effects on historic buildings and monuments. Damage to stone monuments 
can encompass submergence of entire sites, to undermining and physical damage of structures at the 
waters edge, to severe decay of historic stone surfaces: an area which has been the focus of significant 
academic interest and research elsewhere in Europe. 
 
Over the course of this research, over 300 monuments were evaluated. These are located underwater, in 
the inter-tidal zone, and along the coasts of counties Dublin, Wicklow, Wexford, Cork, Kerry, Clare, 
Galway, Sligo and Donegal. Comparable buildings from unpolluted inland environments were examined in 
counties Dublin, Kildare, Wicklow, Carlow, Laois, Wexford and Donegal, with a single case study taken 
from an urban context. The monuments were evaluated using a specially developed methodology 
designed to be relevant to the assessment of any stone building or monument, of any period of 
construction, and of any stone type. The methodological approach is based on an ever-increasing focus 
on the central research question: firstly by examining the vulnerability of the coastline of the area; then of 
the shoreline immediately adjacent to the monument; followed by an assessment of the building; leading 
to identification of the key areas of vulnerability; and ultimately leading to detailed field and laboratory-
based analyses (petrography, ion chromatography, SEM, XRD, XRF) of stone surfaces, deposits and 
decay forms. The results of these analyses and assessments were considered to determine any 
variations between the types and severities of decay found to monuments in coastal and unpolluted 
inland environments.  
 
The research identifies the key decay mechanisms leading to the destruction of coastal archaeological 
monuments at High Level (coastal erosion, flooding and collapse) and Lower Level (stone decay). The 
research shows that Irish stone monuments do not show comparable levels of weathering to their 
counterparts on the European Atlantic and Mediterranean coastlines, contrasting with norms of severe 
weathering found in coastal locations elsewhere in Europe. The research concludes by critically 
evaluating the findings, and recommends a best practice methodological approach for the evaluation and 
conservation of coastal stone monuments. 
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Fig 4.20: The Narrow Loops to the Eastern Elevations Show Extensive Loss of Material Due to Delamination. The Stone 
Forming the Pointed Arch has been Incorrectly Positioned [Face-Bedded] and is Losing Material through Scaling, 
Carrigaholt Castle, Co. Clare. 
Fig 4.21: The Five Metre High Cliff at the Closest Point to Carrigaholt Castle. Note the Partial Collapse of the Lower 
Courses of the Retaining Sea Wall in the Right of the Photograph, and the Eroding Archaeological Layers From the 
Former Attached Building Exposed in the Upper Levels of the Cliff Face. 
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Fig: 4.22: Shoreline Coastal Erosion Survey Identified Active Erosion to the Rocky Shoreline Immediately Adjacent to 
Carrigaholt Castle [top left]. Overlapping a 1922 Ordnance Survey Map Extract with a 1999 Digital Aerial Photograph of 
the Site iIlustrates the Shoreline Alteration. 
Fig. 4.23: The Cliff Edge Now Stands 3.3 m from the SW Corner of Carrigaholt Tower House. Abrasion and Corrasion is 
Causing the Loss of Both the Bedrock, and the Overlying Glacial Deposits. The Foundations of the Gabled Four-Storey 
House can be Seen in the Fresh Fall. 
Fig 4.24: The Tower House and Bawn Wall Defending the Narrowest Section of the Old Head of Kinsale Promontory, as 
seen from the Signal Tower at Lispatrick Upper (see Section 5.4.5.2). 
Fig 4.25: General View of the Tower House. 
Fig 4.26: The Eroding West Edge of the Bawn Wall Looking Over the Cliffs of the Old Head of Kinsale. 
Fig. 4.27: General View of the Overgrown Remains of Castlehaven Castle, Co. Cork. 
Fig. 4.28: Detail of the Eroding Cliff Face Immediately Adjacent to Castlehaven Castle. 
Fig 4.29: General View of Castlecove Castle, Co. Kerry. 
Fig 4.30: The North Elevation Showing the Recessed Triangular Plane, Ogee-headed Limestone Windows and the 
Garderobe to the Base of the Wall, Castlecove Castle, Co. Kerry. 
Fig 4.31: The Doorway at Risk of Further Collapse, Castlecove Castle, Co. Kerry. 
Fig 4.32: Intense Biological Colonisation to the Masonry Façade of Castlecove Castle. 
Fig. 4.33: General View of the Interior of the East Gable, Ahamore Abbey, Co. Kerry. 
Fig. 4.34: Erosion through Abrasion and Corrasion Impacting on the Base of the East Gable. 
Fig. 4.35: General View of McSwyne’s Castle Showing its Location at the End of a Promontory. 
Fig. 4.36: Erosion of the Rocky Foundations Beneath McSwyne’s Castle. 
Fig. 4.37: Rubble Stone Lying in the Inter-Tidal and Foreshore Area Below the Deteriorating McSwyne’s Castle. 
Fig 4.38: The Remains of Ballemicro Castle on the Shores of Galway Bay. 
Fig 4.39: Abrasion to the Foundations of Ballemicro Castle, Co. Galway 
Table 4.1: Suggested Likely Recession Rates for Different Lithologies (after O’Riain 1997, based on Carter 1988) 
presenting Granite as an example of a durable shoreline, with Quaternary Sedimentary deposits (commonly found in the 
east and south-east of Ireland) as a vulnerable shoreline type showing 1-10 metres of loss in a single year. 
Table 4.2: Comparative Lengths of Coastlines under Study (based on Bord Failte Eireann/An Foras Forbatha 1973, 1974). 
Table 4.3: Estimates of Coastal Erosion Rates on the South-east Coast of Ireland (after Devoy 1992) 
Table 4.4: Case Study Sites to Illustrate the Process[es] of Deterioration Found to Archaeological Stone Monuments on 
“Hard” and “Soft” Shorelines. 
Table 4.5: Buildings of Rosslare Fort shown on Early Twentieth Century Mapping. 
Table 4.6: Key Stone Types and Decay Forms Noted to Ballinskelligs Castle, Co. Kerry. 
Table 4.7: Key Stone Types and Decay Forms Noted to Belvelly Castle, Co. Cork. 
Table 4.8: Key Stone Types and Decay Forms Noted to Shippool Castle, Co. Cork. 
Table 4.9: Details of Cave Formations to the Foreshore Adjacent to Carrigaholt Castle. 
Table 4.10: Key Stone Types & Decay Forms Noted to the Tower House and Bawn Wall of the Old Head of Kinsale, Co. 
Cork. 
Table 4.11: Key Stone Types and Decay Forms Noted to Castlehaven Castle, Co. Cork. 
Table 4.12: Key Stone Types and Decay Forms Noted to Castlecove Castle, Co. Kerry. 
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Table 4.13: Key Stone Types and Decay Forms Noted to Ahamore Abbey, Co. Kerry. 
Table 4.14: Key Stone Types and Decay Forms Noted to McSwyne’s Castle, Co. Donegal. 
Table 4.15: Key Stone Types and Decay Forms Noted to Ballemicro Castle, Co. Galway. 
Table 4.16: Location of Simulation Study Test Blocks Positioned in 1998. 
Table 4.17: Summary of Condition of Simulation Study Test Blocks in 2002. 
Table 4.18: Observed decay Processes Acting on Historic Stone Masonry at Different Zones of the Shore. 
 
Chapter 5 
Fig. 5.1: Conglomerate, Kilmalkeadar Stone Cross, Co. Kerry. 
Fig. 5.2: Sandstone, Carndonagh High Cross, Co. Donegal. 
Fig. 5.3: Siltstone, Templebryan Stone Circle, Co. Cork. 
Fig. 5.4: Mudstone, Kinneigh Round Tower, Co. Cork. 
Fig 5.5: General View of Mountlong Castle, Co. Cork. 
Fig 5.6: General View of the Mudstone Predominating to the Rubble Masonry of Mountlong Castle. 
Fig 5.7: Detail of Rubble Masonry Showing Flasher Bedding Mountlong Castle, Co. Cork. 
Fig 5.8: Vertical Cracking to the South-East Tower Posing a Significant Structural Risk. 
Fig. 5.9: Detail of Second Floor Window Shown in Fig 5.8 Showing Wall Displacement. 
Fig. 5.10: Collapse of the South-East Angle of the North-East Tower Dating Post-1994. 
Fig. 5.11: Chancel Arch Featuring Intense Biological Colonisation, Kilmonogoe Church, Co. Cork.. 
Fig. 5.12: Section of Collapsed Masonry, Kilmonogoe Church, Co. Cork.. 
Fig. 5.13: The Local Bedrock Visible on the Shores of Oysterhaven, Kilmonogoe, Co. Cork.. 
Fig. 5.14: General View of Glanleam Standing Stone Showing Cromwells Fort and Lighthouse and the Approaches to 
Valentia Harbour. 
Fig. 5.15: Detail of the Mudstone Surface of Glanleam Standing Stone Showing Intense Lichen Coverage, Flaking and 
Dissolution of the Stone Surface. 
Fig. 5.16: General View Showing Derrynane Ogham Stone at the High Water Mark. 
5.17: Detail Showing Derrynane Ogham Inscription, and Fracturing Along the Bedding Leading to Scaling. 
Fig. 5.18: General View of Ballycarnahan Castle, Co. Kerry. 
Fig. 5.19: Stairwell to the NE Corner of Ballycarnahan Castle. 
Fig. 5.20: General View of the Sand/Silt Grade Silicasltic Rock Used as Rubble Masonry Throughout Ballycarnahan 
Castle. 
Fig. 5.21: General View of Minard Castle, Slighted by Cromwellian Forces c.1650. 
Fig. 5.22: Interior Wall Surfaces Showing Biological Colonisation to Horizontal Surfaces and Surviving Stone Features 
including Corbels. 
Fig. 5.23: Vertical Structural Crack to the East Elevation, Minard Castle, Co. Kerry. 
Fig. 5.24: Lost Quoins to the Battered Angles, Minard Castle, Co. Kerry. 
Fig. 5.25: The Signal Tower at Lispatrick Upper on the Old Head of Kinsale, Co. Cork. 
Fig. 5.26: Detail Showing Remains of a Bartizan and Weather-hung Slate, Lispatrick. 
Fig. 5.27: General View of the Exposed Predominantly Sandstone Rubble Masonry Lispatrick Signal Tower, Co. Cork. 
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Fig. 5.28: Significant Loss of Surface Material Seen as Alveolar Erosion to the Exposed West Elevation Lispatrick Signal 
Tower, Co. Cork. 
Fig. 5.29: General View of the Coastguard Station and The Southern Kiln at Nohoval, Co. Cork. 
Fig. 5.30: Deteriorating Arch of the Southern Kiln, Nohoval. 
Fig. 5.31: The Northern Kiln, Showing Missing Masonry Units, Nohoval, Co. Cork. 
Fig. 5.32: Extensive Dry Jointing is Leading to Structural Instability, Nohoval, Co. Cork. 
Fig. 5.33: Strong Stone Decay Including Significant Flaking with Material Loss Leading to Differential Erosion, Nohoval, 
Co. Cork. 
Fig. 5.34: Coole Abbey, Co. Cork, Showing Intense Biological Colonisation. 
Fig. 5.35: General View of the Masonry Showing Preferential Erosion Following Sedimentary Structures, Coole Abbey, Co. 
Cork. 
Fig. 5.36: The East Gable Showing Structural Cracking, Intense Biological Colonisation and Partial Collapse of the Outer 
Masonry Leaf, Coole Abbey, Co. Cork. 
Fig. 5.37: Britway Church, Co. Cork. 
Fig. 5.38: Sandstone Window Detail, Britway Church. 
Fig. 5.39: Monkstown Castle, Co. Cork. 
Fig. 5.40: Bartizan Defending the Corner, Monkstown Castle. 
Fig. 5.41: General Appearance of the Rubble Masonry, Monkstown Castle. 
Fig. 5.42: Loss of Sheltering Lime Render to the Masonry Wall Surface, and Developing Structural Cracks, Monkstown 
Castle. 
Fig. 5.43: Vertical Structural Cracking Following the Windows to the North-West Tower, with Displacement of Windows 
Due to Wall Movement, Monkstown Castle.  
Fig. 5.44: General View of the Stone Circle and Boulder Burial at Kenmare, Co. Kerry. 
Fig. 5.45: Stone 1 Showing Lichen Coverage, and Scaling and Fracturing, Kenmare, Co. Kerry. 
Fig. 5.46: Stone 4 Showing Fracturing Across the Bedding, with the Central Boulder Burial in the Background, Kenmare, 
Co. Kerry. 
Fig. 5.47: Stone 3 Showing Scaling and Fractures Across the Bedding, Kenmare, Co. Kerry. 
5.48: Detail of the Surface of Stone 3 Showing Surface Patina Due to Biological Colonisation, ,Kenmare, Co. Kerry. 
Fig. 5.49: General View of Staigue Fort, Co. Kerry. 
Fig. 5.50: Lintelled Drystone Doorway, Staigue Fort, Co. Kerry. 
Fig. 5.51: General View of the Rubble Masonry Showing Rough Weathered Surface Due to Dissolution, and Fracturing 
Along and Across the Bedding, Staigue Fort, Co. Kerry. 
Fig. 5.52: Rock Art Inscribed Sandstone boulder at Derrynabla. 
Fig. 5.53: Detail of the Stone Surface Showing Lichen Covering the Carvings, Derrynabla. 
Fig. 5.54: Microscopic Image of the Micro-structure of the Sandstone Found at Derrynabla. 
Fig. 5.54: General View of an Example of  Rock Art on a Boulder at Kealduff Upper, Co. Kerry. 
Fig. 5.55: Carvings Marked With Chalk to Aid Identification, Kealduff Upper, Co. Kerry. 
Fig. 5.56: Detail of the Stone Surface Showing Dissolution and Biological Colonisation Eroding the Carved Detail, Kealduff 
Upper, Co. Kerry. 
Fig. 5.57: Aghadoe Round Tower. 
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Fig. 5.58: Lime Leaching From Repointing Mortars Used to Repair the Sandstone Masonry, Aghadoe Round Tower. 
Fig. 5.59: The Hiberno-Romanesque Doorway at Kilmalkeadar, Co. Kerry. 
Fig. 5.60: Detail Showing Alveolar Erosion of the Voussoirs, Kilmalkeadar, Co. Kerry. 
Fig. 5.61: General View of the Texture of the Lintel, Kilmalkeadar, Co. Kerry. 
Fig. 5.62: Microscope photograph showing structure of the Sandstone at Kilmalkeadar, Co. Kerry. 
Fig. 5.63: The Cross-Slab at Gallarus. 
Fig. 5.64: Detail of the Inscribed Stone Surface of the Cross=Slab Showing Scaling and Superficial Surface Loss From 
Wind Abrasion and Dissolution, Gallarus, Co. Kerry. 
Table 5.1: Types of Reference to Coastal Stone Monuments. 
Table 5.2: Evaluated Coastal and Inland Stone Monuments Composed of Siliclastic Rock Types. 
Table 5.3: Stone Type[s] and Current Condition of Monuments Composed of Siliclastic Rock Types found in Coastal 
Environments. ** The current condition of the following monuments: the Old Head of Kinsale, Shippool Castle, and 
Castlehaven Castle, Co. Cork, McSwyne’s Castle, Co. Donegal, and Ahamore Abbey, Ballinaskeilligs Castle and 
Castlecove Castle were treated in detail in the previous chapter. 
Table 5.4: Key Stone Types and Decay Forms Noted to Mountlong Castle, Co. Cork. 
Table 5.5: Key Stone Types and Decay Forms Noted to Kilmonogue Church, Co. Cork. 
Table 5.6: Key Stone Types and Decay Forms Noted to Glanleam Standing Stone, Co. Kerry. 
Table 5.7: Key Stone Types and Decay Forms Noted to the Derrynane Ogham Stone, Co. Kerry. 
Table 5.8: Key Stone Types and Decay Forms Noted to Ballycarnahan Castle, Co. Kerry. 
Table 5.9: Key Stone Types and Decay Forms Noted to Minard Castle, Co. Kerry. 
Table 5.10: Key Stone Types and Decay Forms Noted to Lispatrick Signal Tower, Co. Cork. 
Table 5.11: Key Stone Types and Decay Forms Noted to Nohoval, Co. Cork. 
Table 5.12: Stone Type[s] and Current Condition of Monuments with Siliclastic Rock Types Found in Unpolluted Inland 
Environments. 
Table 5.13: Key Stone Types and Decay Forms Noted to Coole Abbey, Co. Cork. 
Table 5.14: Key Stone Types and Decay Forms Noted to Britway Church, Co. Cork. 
Table 5.15: Key Stone Types and Decay Forms Noted to Monkstown Castle, Co. Cork. 
Table 5.16: Key Stone Types and Decay Forms Noted to Kenmare Stone Circle and Boulder Burial, Co. Kerry. 
Table 5.17: Key Stone Types and Decay Forms Noted to Staigue Fort, Co. Kerry. 
Table 5.18: Key Stone Types and Decay Forms Noted to Derrynabla Rock Art, Co. Kerry. 
Table 5.19: Key Stone Types and Decay Forms Noted to Kealduff Upper Rock Art, Co. Kerry. 
Table 5.20: Key Stone Types and Decay Forms Noted to Aghadoe Round Tower, Co. Kerry. 
Table 5.21: Key Stone Types and Decay Forms Noted to Kilmalkeadar Romanesque Doorway, Co. Kerry. 
Table 5.22: Key Stone Types and Decay Forms Noted to Gallarus Cross Slab, Co. Kerry. 
Table 5.23: Overall Results of the Fieldwork Evaluations of Monuments Built Using Siliclastic Rocks. 
Table. 5.24: Breakdown of Decay of Monuments and Carved Surfaces Composed of Siliclastic Stone, Comprising 
Monuments from the Current Research and Previous Research (Pavía & Bolton 2001). 
 
Chapter 6 
Fig. 6.1: Seapoint Martello Tower, Co. Dublin, seen at Low Tide. 
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Fig. 6.2: Landing Place at Seapoint having Steps and the Date ‘1834’ Carved into the Granite Bedrock. 
Fig. 6.3: General View of the Ashlar Masonry at Seapoint Martello Tower, Co. Dublin. 
Fig. 6.4: Iron Staining and Graffiti, Seapoint Martello Tower, Co. Dublin. 
Fig. 6.5: Brown Staining and Inherent Fault to Granite Masonry at Seapoint Martello Tower, Co. Dublin. 
Fig. 6.6: Booterstown Martello Tower Showing Previous Cleaning to Lower Courses. 
Fig. 6.7: Murder Holes Above Now-Blocked Original Entrance to Booterstown Tower. 
Fig. 6.8: Staining, Lime Leaching and Biological Colonisation is Common to the Masonry Surface. 
Fig. 6.9: Some Masonry Units Show Scaling and Surface Roughening, Booterstown Tower. 
Fig. 6.10: Sandymount Martello Tower from the South Showing Machicolation above the Altered Original First-Floor 
Doorway. 
Fig. 6.11: Detail of Parapet. Colour Alteration is Common to the Masonry From Weathering of Feldspars, Sandymount 
Martello Tower. 
Fig. 6.12: Brown Staining and Quartz Band Visible to a Masonry Unit, Sandymount Tower 
Fig. 6.13: Scaling and Surface Roughening Leading to Surface Loss to a Masonry Unit. 
Fig. 6.14: Dalkey Island Martello Tower with St. Begnet’s Church in the Background. 
Fig. 6.15: The Roof Platform Showing Lichen Coverage Common to the Masonry, Dalkey 
Fig. 6.16: General View of the Masonry Showing Colour Alteration, Dalkey Martello Tower. 
Fig. 6.17: Dry Jointing Noted Above the Plinth Course to the Base of the Tower. 
Fig. 6.18: Intact Joints and Intense Lichen Coverage to the Masonry, Dalkey Martello Tower. 
Fig. 6.19: Granite Masonry in Good Condition Beneath Previous Repairs at Dalkey Tower. 
Fig. 6.20: General View of the Battery Fort at the East End of Dalkey Island, Co. Dublin. 
Fig. 6.21: Granite Gun Emplacements Commanding a View Over Kiliney Bay. 
Fig. 6.22: Internal Buildings Within Dalkey Fort Composed of Granite and Hand-Made Brick. 
Fig. 6.23: General View of the Granite Masonry Walls of Dalkey Fort. 
Fig. 6.24: Scaling and Surface Roughening to the Granite Masonry, Dalkey Fort 
Fig. 6.25: St. Begnet’s Church, Dalkey Island, Co. Dublin. 
Fig. 6.26: Granite is the Predominant Stone Type Found at St Begnet’s Church. 
Fig. 6.27: Detail of the Granite Masonry Showing Abundant Lichen, St. Begnet’s Church. 
Fig. 6.28: Scaling to the Surface of a Granite Masonry Unit, St. Begnet’s Church. 
Fig. 6.29: Incised Cross I Carved On a Granite Outcrop, Dalkey Island. 
Fig. 6.30: Detail of Differential Weathering to the Surface of Incised Cross I, Dalkey Island. 
Fig. 6.31: Incised Cross II, Dalkey Island. 
Fig. 6.32: Lichen Coverage to the Surface of Incised Cross I, Dalkey Island I. 
Fig. 6.33: The Pseudo-Cyclopean Masonry and Stone Roof of Saint MacDara’s Church. 
Fig. 6.34: East Wall Showing a Round-Headed Window and Walls and Gable in Antae. 
Fig. 6.35: Granite Surface Showing Biological Colonisation and Some Surface Roughening, Saint MacDara’s Church. 
Fig. 6.36: Bray Railway Bridge and Embankment, November 1998. 
Fig. 6.37: Bray Railway Bridge and Embankment, April 2006 Showing Drop in Beach Levels. 
Fig. 6.38: Collapsed East End of South Wall of Bray Railway Bridge, April 2004. 
Fig. 6.39: Collapsed East End of North Wall of Bray Railway Bridge, April 2004. 
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Fig. 6.40: Bray Gate Lodge, November 1998. 
Fig. 6.41: Bray Gate Lodge, April 2006. 
Fig. 6.42: Scaling and Dissolution to the Stone Surfaces Noted in November 1998, Bray Gate Lodge. 
Fig. 6.43: Dry Joints, Abrasion and Corrasion Damage to the Newly Exposed Base Courses, April 2006, Bray Gate Lodge. 
Fig. 6.44: The Entrance to Kilclooneymore Court Tomb. 
Fig. 6.45: Petromicrograph of the Granitic Rock Structure Kilclooneymore Court Tomb. 
Fig. 6.46: Kilcloneymore Portal Tomb I. 
Fig. 6.47: Kilcloneymore Portal Tomb II. 
Fig. 6.48: Fracturing and Scaling, Kilcloneymore Portal Tomb II. 
Fig. 6.49: General View of Owenea Standing Stone. 
Fig. 6.50: Spalling and Biological Colonisation, Owenea Standing Stone. 
Table 6.1: Coastal and Inland Stone Monuments Composed of Granitic Rock Types from the Leinster, Galway and 
Donegal Batholiths. 
Table 6.2: Overview of Main Salt-Related Decay Forms, and Main Reason for Decay of Building Stone (where identified) 
found through Previous Studies of Coastal Granitic Rocks in Europe (Source:  Alves & Sequeira 1996, Delgado-Rodriguez 
1996, Fiora et al 1996, Robert et al 1996, Pavía et al 1996, Silva et al 1996, Vicente 1996, Young et al 1996). 
Table 6.3: Current Condition of Granitic Stone Monuments Found in Coastal Environments. 
Table 6.4: Key Stone Types and Decay Forms Noted to Seapoint Martello, Co. Dublin. 
Table 6.5: Key Stone Types and Decay Forms Noted to Booterstown Martello, Co. Dublin. 
Table 6.6: Key Stone Types and Decay Forms Noted to Sandymount Martello, Co. Dublin. 
Table 6.7: Key Stone Types and Decay Forms Noted to Dalkey Martello, Co. Dublin. 
Table 6.8: Key Stone Types and Decay Forms Noted to Dalkey Island Fort, Co. Dublin. 
Table 6.9: Key Stone Types and Decay Forms Noted to St. Begnet’s Church, Co. Dublin. 
Table 6.10: Key Stone Types and Decay Forms Noted to the Inscribed Stone Crosses at Dalkey Island, Co. Dublin. 
Table 6.11: Key Stone Types and Decay Forms Noted to the Granite Church on Saint MacDara’s Island, Co. Galway. 
Table 6.11: Key Stone Types and Decay Forms Noted to the Railway Bridge at Bray, Co. Wicklow. 
Table 6.12: Key Stone Types and Decay Forms Noted to the Railway Embankment at Bray, Co. Wicklow. 
Table 6.13: Key Stone Types and Decay Forms Noted to the Gate Lodge at Bray, Co. Wicklow. 
Table 6.14: Key Stone Types and Decay Forms Noted to Goreen Church, Omey Island, Co. Galway 
Table 6.15: Current Condition of Granitic Stone Monuments Found in Unpolluted Inland Environments. 
Table 6.16: Key Stone Types and Decay Forms Noted to Kilcloney Court Tomb, Co. Donegal. 
Table 6.17: Key Stone Types and Decay Forms Noted to Kilcloney Portal Tombs, Co. Donegal. 
Table 6.18: Key Stone Types and Decay Forms Noted to Owenea Standing Stone, Co. Donegal. 
Table 6.19: Key Stone Types and Decay Forms Noted to Castledermot Romanesque Doorway, Co. Kildare. 
Table 6.20: Key Stone Types and Decay Forms Noted to St. Margaret’s Church, Co. Wexford. 
Table 6.21: Key Stone Types and Decay Forms Noted to Fassaroe Castle, Co. Wicklow. 
Table 6.22: Key Stone Types and Decay Forms Noted to Old Conna Church, Co. Wicklow. 
Table 6.23: Summary of Granite Stone Decay Assessments. 
Table 6.24: Comparison of Visual Indicators from The Martello Towers at Sandymount, Booterstown, Seapoint and Dalkey 
Island, and the Fort at Dalkey Island. All Constructed 1804-1805. 
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Chapter 7 
Fig 7.1: Key Decay Forms Noted Showing Macroscopic: Granular Disintegration, Biological Colonisation and Scaling the 
most prevalent forms; Microscopic: alteration of feldspar and mica three times as frequent as micro-fracturing. 
Fig. 7.2: Details of Average Cl Levels Detected on Granite Stone Surfaces along a Transect Extending from Below HWM 
at the Ruined Railway Bridge, Bray, Co. Wicklow to 70 km Inland at Bagnelstown, Co. Carlow. 
Fig. 7.3: Transects Aligned South-West to North-East [Alignment of the Prevailing Winds] and Location of Sampling Sites 
of Granitic Stone Field Walls at Rossaveal, Co. Galway. Scale Width of Map: 3.5 km. 
Fig 7.4: SEM image showing organic growth below the high water mark of the West Pier, Dun Laoghaire, Co. Dublin. 
7.5: Traces of NaCl detected to a weathered granite surface in the supra-tidal zone. West Pier, Dun Laoghaire, Co. Dublin. 
Fig. 7.6: Micro-fracturing and NaCl detected to a granite surface 2 metres above ground level, North Strand, Bray. 
Fig. 7.7: XRD showing NaCl detected to a granite surface 2 metres above ground level, North Strand, Bray. 
Fig 7.8:  Biological Colonisation [bryozoans] noted to sub-tidal granite surface from the West Pier, Dun Laoghaire Harbour. 
Fig. 7.9: XRD graph showing NaCl, sulphur [S] to the sub-tidal granite surface showing intense biological colonisation. 
West Pier, Dun Laoghaire, Co. Dublin. 
Fig 7.10: Results of XRF Analyses showing Levels of CL Detected to Granite Samples from Stone Monuments in South 
Dublin with a Sea Salt ‘Control’, and a Stone Flake from Venice, Italy which Failed Due to Salt Weathering Processes 
(Labelled ‘Istrian Stone Venice 3’’). Note that Cl levels are Consistently Less than the Istrian Sample and Significantly 
Below a ‘Control’ of NaCl. Full results are Found in Appendix VIII. 
Fig 7.11: St. George’s Church, Dublin City Centre. 
Fig. 7.12: North-east corner showing brown staining, St. George’s Church. 
Fig. 7.13: Detail showing granular disintegration and blistering of the surface of the granite, St. George’s Church. 
Fig. 7.14: General View of Gypsum Salt Crystals on a Granite Stone Surface, St. George’s Church. 
Fig. 7.15: View of the Dense Matrix of Salt Crystals Obscuring the Stone Surface, St. George’s Church. 
Fig. 7.16: Detail showing Individual Salt Crystals, St. George’s Church. 
Fig. 7.17: XRD Graph showing Ca & S peaks indicating Gypsum from a Blister Sample from St. George’s Church, Dublin 
City. 
Table 7.1: Specific Objectives of the Laboratory Analyses  
Table 7.2: Analytical Methods Selected to Meet the Specific Objectives of the Research. 
Table 7.3: Details of Granite Monuments Sampled for Petrographic Analysis. 
Table 7.4: Key Macro- and Microscopic Decay Forms Noted During the Petrographic Analysis. 
Table 7.5: Details of Sampling Undertaken for Electron Microscopy and Ion Chromatography. * All Samples were obtained 
at Ground Level. 
Table 7.6: Results of Ion Chromatography Analysis. * Sodium Average Value = 21.48 [Rounded to 21]. ** Chlorine 
Average Value = 27.58 [rounded to 28]. All Values Given as Mg/L. *** HWM = High Water Mark. 
Table 7.7: Sample Selection Criteria and Research Objectives of Electron Microscopy Analyses. 
Table 7.8: Key Findings of Electron Microscopy at Rossaveal Field System, Co. Galway.  
Table 7.9: Key Findings of Electron Microscopy to Granitic Stone Monuments on the East Coast of Ireland Located on a 
Horizontal Transect with Increasing Distance from the Shore. 
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Table 7.10: Electron Microscopy Analysis of a Sample Transect Extending from Underwater to 2 Metres Above Ground 
Level at the West Pier, Dun Laoighaire Harbour, Co. Dublin and the Railway Bridge, Bray, Co. Wicklow. 
Table 7.11: Key Findings of the Electron Microscopy. 
Table 7.12: Average Salt [Cl] Levels Detected on Irish Granite Surface Compared with Salt Levels Found on Stone 
Surfaces from Venice, Italy and ‘Control’ of NaCL crystals. 
Table 7.13: Summary Observations of the XRF Analysis indicating the Presence of Salts of Marine Origin. 
Table 7.14: Comparison of Findings of Stone Decay and Levels of CL detected to Three Zones of Salt-Related Damage to 
Irish Granite Stone Monuments to Stone Decay in Comparable Granite Stone Surfaces Elsewhere in Europe (After Arnold 
and Zehnder 1989). 
 
Chapter 8 
Fig. 8.1: Aerial Photograph of Battery No.5 showing Extent of Remains. Image Courtesy of Gearoid O’Riaian, Compass 
Infomatics. 
Fig 8.2: View of Battery No.5 from Cliff Edge showing Defensive Angled Walls, Gun Loops and Guard Room. 
Fig. 8.3: Worked Granite Masonry with Mortar on Foreshore Below the Site of Battery No.5, Killiney, Co. Dublin 
Fig 8.4: Brick-lined Magazine (centre), Battlemented West Wall (rear) and Guard House (left) of Battery No. 5.  
Table 8.1: Categories of ‘Coastal’ Buildings. 
Table 8.2: Monuments, Buildings and Structures Located at the Land/Sea Interface on the Coastline of Dun Laoghaire-
Rathdown, South Dublin Recorded Through Field-Walking in 2007. 
Table 8.3: Scales of Evaluation of a Coastal Stone Monument 
Table 8.4: Typical Large-Scale Problems Found to some Coastal Cell Types. 
Table 8.5: Typical Macro-Scale Decay Processes Acting on Historic Stone Masonry at Different Zones of the Shore. 
 
 
1. Introduction to the Research 
 
“Rocks impregnable are not so stout, nor Gates of steel so strong, but time decays”,  
William Shakespeare, Sonnet 65. 
 
Ireland has a rich archaeological legacy, ranging from the earliest megalithic tombs and ritual 
complexes through the increasing diversity of medieval, post-medieval and modern towns, 
fortifications and ecclesiastical settlements; and much of that which survives is of stone. The 
long indented coastline of Ireland, estimated at 6500km (Stapleton 1996), contains a wide 
variety of structures of archaeological and architectural significance. These include well-known 
sites such as Dun Aengus on the Aran Islands of Galway and the monastic site of Skellig 
Michael (Bolton 2008b), and a surprisingly diverse variety of lesser-known structures such as 
piers and landing places, fish traps and follys, bathing places and dwellings. The Irish coastline 
is replete with archaeological monuments; settlements and sites positioned to take advantage 
of maritime communication and resources, and sites which over time have ‘arrived’ at the coast 
as the sea gradually encroaches on the land. 
 
This research arose from an interest in the convergence of a number of disciplines and fields of 
enquiry at the waters edge; archaeology, building conservation, stone conservation, 
geomorphological studies of the land/sea interface, and a personal research interest in how the 
aggressive coastal environment of Ireland acts on historical buildings and archaeological 
monuments, where rapid change can have devastating effects on historic buildings and 
monuments. The research is also timely, as the preservation of coastal heritage in the context 
of rising sea levels and increased storm events associated with climate change, is likely to 
become one of the key issues in building conservation in the twenty-first century. 
 
Damage to stone monuments on the coast may include submergence of entire sites; 
undermining and physical damage of structures at the waters edge; and significant decay of 
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historic stone surfaces: areas which have been the focus of varying levels of academic interest 
internationally, but had not been considered in an Irish context. Very little data is available on 
existing coastal change processes acting on the Irish coastline, and none on how those 
processes acted on the historic built environment. 
 
This research is then centered on an understanding of the threats of coastal erosion, and the 
deterioration of archaeological structures and their component materials. The process of 
ruination of terrestrial buildings and structures now considered to have archaeological or 
architectural heritage value, is reasonably well understood, and techniques and methods to 
conserve them continue to be developed and improved (Ashurst 2007). However, there have 
been no previous studies of the ruination of coastal structures. The impact of coastal erosion 
on archaeological heritage internationally is generally considered as serious (see Chapter 4), 
though the threat to built heritage has not yet been quantified or qualified in Ireland. The coast 
has been considered a particularly vulnerable environment within stone decay studies (see 
Chapters 5-7), however, the complexities of how rocks degrade and breakdown over time has 
posed significant challenges for researchers to arrive at consensus as to the mechanisms of 
decay: 
 
“After more than 100 years of scientific studies of the nature and causes of stone 
decay, many fundamental questions still remain unanswered, and it has proved difficult 
to produce simple dose:response functions that could be used to predict how stone 
decay rates will change as a function of changing environmental conditions (such as 
increased or decreased air pollution levels or climate change)” (Viles 2005:12). 
 
The research therefore began at a position of uncertainty. The nature of the coastal 
archaeological resource in Ireland was unknown; the point or line or position where the sea 
becomes land is unclear; stone on the coast may be vulnerable to severe decay, but there was 
no agreement as to how or why this should be so; and coastal erosion was considered a 
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significant threat, but his had not been quantified or qualified for the Irish archaeological 
resource. 
 
“There are truths, part truths and errors to be sifted, studied and re-evaluated from the 
rich archives of this subject [stone conservation] to which must then be added our own 
experience and knowledge” (Ashurst 2006:xi). 
 
1.1 Aim of the Research 
 
The central aim of this research is: 
 
To evaluate whether stone monuments along the coast of the Republic of Ireland are 
vulnerable to more severe and/or different types of decay and degradation than 
monuments located in non-polluted inland environments.  
 
As an initial step, the research built on an established methodological approach for the study of 
the decay of stone monuments in Ireland (Pavía & Bolton 2000, 2001), and set a number of 
specific objectives to address the central research question: 
 
• To evaluate the range and extent of coastal stone monuments in the Republic of 
Ireland through a desktop survey and fieldwork to provide an overview of coastal 
archaeological monuments in Ireland. 
• To evaluate the impact of coastal erosion on stone monuments in the Republic of 
Ireland through a desktop survey and fieldwork, to provide a clear understanding of the 
vulnerability of monuments on different shoreline types.  
• To undertake an experimental simulation study to evaluate whether stone monuments 
may undergo more severe and/or different types of decay and degradation in relation 
to their position on shorelines of different types. 
• To compare and evaluate the degree of severity and/or the different types of decay 
and degradation found to stone monuments located in coastal and non-polluted inland 
environments.  
• To compare and evaluate the degree of severity and/or the different types of decay 
and degradation to monuments composed on granitic stone (reported as experiencing 
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significant decay in studies from mainland Europe) located in coastal and non-polluted 
inland environments.  
• To understand the processes of deterioration and the consequent vulnerability of stone 
monuments located on or adjacent to the coast in Ireland. 
• To recommend future work in the area of risk assessment and management of stone 
monuments. 
 
The objectives drew on issues arising from the fields of building conservation, stone 
conservation, and geomorphological studies of the coast, with some degree of overlap found 
between both the objectives and the disciplines. In order to address the central aim of the 
research, it was first necessary to establish a research framework which would allow a 
structured approach to the problem (see Chapter 2). 
2. Research Framework 
 
A research framework (Table 2.1) was developed to address the central research question - to 
evaluate whether stone monuments along the Irish coast undergo more severe decay and 
degradation than monuments located inland in unpolluted rural environments. The framework was 
designed to examine the deterioration and vulnerability of coastal stone monuments in four phases: 
firstly examining the recession of the shore and the process of coastal erosion and consequent 
deterioration of any monument on the shoreline; secondly, by comparing and contrasting stone 
decay in coastal and unpolluted inland environment; and thirdly, through detailed analysis of the 
deterioration of one single stone type – granite.  The final synthesis phase draws the findings of the 
research together to determine the key vulnerabilities of coastal stone monuments in Ireland. 
 
Phase 1: Coastal Erosion 
Methodology 
Literature 
Findings    Phase 2: Stone Decay
 
 
 
 
 
 
 
 
 
 
 
Methodology
Literature
Findings Phase 3: Granitic Stone Decay
  Methodology 
Literature
Findings
 
 
Phase 4: Synthesis 
• Overview of Findings 
• Test of Methodological Approach 
• Discussion of Findings 
• Recommendations for Future Research 
Table 2.1 Methodological Approach of this Research 
 
Each phase of the research builds on the findings of the previous phase, but uses a methodology 
specific to that area of enquiry (Coastal Erosion: Sections 4.3 & 4.6.1; Stone Decay: Section 5.2 & 
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Appendix I; Granitic Stone Decay: Sections 6.2 & 7.2 & Appendix III) while remaining focused on 
the central research question of the study.  
 
2.1 Phase 1: Coastal Erosion  
 
During Phase 1 (Chapters 3 and 4), the limits of the study are defined, beginning with the definition 
of a “monument” under the 1995 Heritage Act of the Republic of Ireland. A literature review of 
coastal archaeology and coastal erosion (Sections 3.3-3.5), and limited reconnaissance fieldwork 
surveys are carried out to gain an overview of the issues, and to assess the nature of the 
archaeological resource and research potential, and the current state of knowledge of the coast 
and of stone monuments in the Republic of Ireland. The tasks undertaken within this phase of the 
research are: 
  
• Evaluation of the interaction between coastal archaeology, coastal erosion and stone 
monument decay within a defined area over the time period of the research;  
• Evaluation of any previous work carried out on stone monuments located along the Irish 
coastline, and any relevant European studies; 
• Evaluation of the potential for previously unrecorded archaeological structures on the Irish 
coast;  
• Identification of monuments currently surviving on the coastline, which could be evaluated 
to establish their current condition, and identify any threats to their fabric; 
• Evaluation of the type and severity of change to coastal archaeological stone monuments 
above and below the high water mark in a limited time-frame attributed to coastal change 
processes. 
 
An initial desktop survey noted a number of limitations of the available literature, which was of 
major significance to the research with a number of constraints: 
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1. It would be necessary to examine the accuracy of the existing body of knowledge by examining 
defined areas of the coastline to evaluate the potential for previously unrecorded stone 
monuments. 
2. In areas showing significant historical coastline change, there was a strong possibility that a 
large number of building types and ruined monuments located below the high water mark had 
never been recorded. 
3. As the areas below the high water mark had not been previously examined for archaeological 
purposes, the existing record of archaeological monuments and body of archaeological 
knowledge currently underestimated the potential for stone monuments surviving along the 
coastline. 
4. As the existing data was unclear, it was not possible to use the existing body of knowledge to 
quantify either the total number of monuments, or the threat of coastal erosion to stone 
monuments along the Irish coast. 
 
Consequently there was an extremely large gap in the current knowledge about built heritage 
surviving along the coast. In order to quantify or qualify the nature of the resource, the coastline 
would have to be investigated by a process of field-walking, recording and photography (outlined in 
Appendix I). However, the areas under consideration would be partially covered by rising and 
falling tides on a daily basis, and by seasonal and annual changes in beach level, and some 
monuments could be completely submerged.  
 
The potential for significant finds in the inter-tidal and submerged areas along the coastline led to a 
decision to further focus the research to understand and qualify the nature of the threat from 
coastal erosion. A number of geographically specific case studies (Sections 4.3-4.5) are examined 
to explore the process of coastal erosion and coastal change, and the consequent risk to stone 
monuments on selected shoreline types over a four year period. These would provide a level of 
understanding of the process and degree of damage to stone monuments on the coast which 
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would not be possible to obtain with single-event fieldwork evaluations. Experimental simulation 
studies (Section 4.6) were set up to reveal data on the impact on stone surfaces in the inter-tidal 
zone. The results of Phase 1 provide a clear understanding of the process of deterioration at the 
coastal edge, and the link between coastal stone monuments and the surrounding geomorphology.   
 
2.3 Phase 2: Stone Decay  
 
During Phase 2 (Chapter 5), an overview of the current condition and severity of decay of a 
representative sample of stone monuments in coastal and rural areas of Ireland is carried out. This 
allows an understanding of any variations in decay which may occur between coastal and 
unpolluted inland environments; any areas within a archaeological building or site which are 
particularly vulnerable to deterioration; and provide a basis on which to focus more detailed 
analytical work. 
 
A decision was made to compare and evaluate comparable monuments located on the coast and 
in unpolluted inland environments, and to group these monuments primarily by stone type 
(including sandstone, limestone, mudstones, siltstones, granitic rocks and some metamorphic rock 
types). The field evaluations and analyses followed an established methodology (Pavía & Bolton 
2001), designed to be applicable to any stone monument, of any historical period, of any stone 
type. A broad range of monument types were examined (Section 3.2) to allow the examination of 
similar stone types in a number of different monuments dating from different time periods, and 
using the data gathered to enable useful evaluation and comparison of the different weathering 
forms and processes found.  
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Two hundred and fifty stone monuments were selected from different bedrock areas in coastal and 
unpolluted inland environments of Ireland. Groups, or clusters, of stone monuments located within 
the same geographical area were sometimes selected. The study of these monument clusters 
enabled the examination of a number of different monument types constructed of the same stone 
type. Clusters facilitated the examination of the origin and use of building stone throughout different 
historical periods in a given geographical area. This enabled the examination of similar stone types 
in a number of different monuments dating from different time periods and therefore should enable 
useful evaluation and comparison of the different weathering forms and processes found.  
 
Following the findings of Phase 1, a proportion of monuments from the sample population were 
selected on the basis of a single criteria: the position of the monument in relation to the water's 
edge. This allowed an understanding of the range of stone types found along the coastline, as well 
as gaining an overview of the most significant decay forms and processes affecting these 
monuments.  
 
This phase of the research intended to determine, in the most general terms possible, if there was 
an identifiable variation between the severity of decay found to stone monuments in coastal and in 
unpolluted inland environments. However, due to the complexity and variability in properties of the 
stone types found in these monuments, it would become necessary to further focus the research. 
The volume of monuments recorded, and the problems of complexity of drawing useful 
comparisons between the decay of different stone materials led to a decision to focus on a single 
stone group to examine surface alteration of historic masonry in coastal and unpolluted inland 
environments.  
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2.4 Phase 3: Granitic Stone Decay 
 
During Phase 3 (Chapters 6 and 7), the project was further focused to evaluate the decay and 
degradation of Irish granitic stone monuments from coastal and unpolluted inland environments, 
and compare the findings with comparable European studies. Monuments composed wholly or 
primarily from granitic rocks, located at different elevations, orientations and distances from the 
high water mark at the coast, were selected from the two hundred and fifty recorded monuments of 
Phase 2. Granitic rocks had been used in the construction of comparable monument types in both 
coastal and unpolluted inland environments in counties Wicklow, Wexford, Carlow, Dublin, Kildare, 
Galway and Donegal. The examination of these monuments allowed the evaluation of the current 
condition and relative severity of decay of granitic rocks on the exposed west coast, the more 
sheltered east coast, and unpolluted inland environments in different parts of Ireland.  
 
 The fieldwork assessments (Chapter 6) would provide a visual survey of decay forms of granitic 
monuments, following an established methodology (Pavía & Bolton 2001), and would be supported 
by a series of laboratory analyses (detailed in Section 7.2 and Appendix III) in order to evaluate the 
presence of any damaging marine or other salts which could be associated specifically with coastal 
environments. Areas of active decay (i.e. showing flaking and/or granular disintegration) and areas 
not showing decay forms would be analysed to evaluate the presence of salts of probable marine 
origin on the surface of the stone. Stone samples from the monuments would be examined as 
follows: 
 
1. In thin section through optical and petrographic microscopy to allow identification and 
categorisation, and assessment of the current condition and decay processes.  
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2. Scanning electron microscope (SEM) coupled with an energy dispersive x-ray attachment 
(EDXA) would be used to identify any salts of marine origin on the surface of granitic rocks 
sampled from the east and west coast of Ireland.  
3. Ion chromatography and XRF would be used to identify the type and location of salts of 
marine origin on deteriorating granite stone surfaces. 
 
The results would provide determine whether salts of marine origin were present; where they occur 
on an archaeological monument; and what impacts they may be having on granitic stone surfaces 
at archaeological monuments.  
 
2.5 Phase 4: Synthesis 
 
The data gathered from Phases 1-3 would be synthesised to debate the central research question of 
whether stone monuments along the Irish coast undergo more severe decay and degradation than 
monuments located in unpolluted inland environments. The function of the final phase of the research was 
to bring together the data and issues gathered on the current condition of stone monuments in the 
surveyed sections of the Irish coast; providing an overview of the impacts of coastal erosion and stone 
decay on coastal stone monuments to address the central research question.  
 
The discussion of the current condition and risk to stone monuments in Ireland in both unpolluted inland 
and coastal environments questions internationally accepted norms regarding the decay and degradation 
of stone along the coastline; debating that Ireland's unique position in the Atlantic suggests that the 
understanding and mitigation of threats to Irish stone monuments cannot be based on the uncritical 
acceptance of the knowledge base of other countries.  
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The synthesis establishes a best practice model for the identification of coastal stone monuments, and 
then tests this methodology by means of case studies. Finally, the research evaluates the key threats 
identified in Phases 1-3 to formulate a best practice model for the assessment of vulnerability to coastal 
stone monuments in Ireland, and then discusses recommendations towards future research which would 
usefully explore the areas of risk and mitigation measures to preserve coastal cultural heritage in Ireland 
and internationally. 
 
 
 
 
 
3 Coastal Stone Monuments 
 
3.1 Introduction 
 
The aim of this chapter is to evaluate the range and extent of coastal stone monuments found 
in the Republic of Ireland, and to discuss the background to the issues and the current state of 
knowledge of stone monuments in Ireland, and the potential for further discoveries. 
 
A literature review and focused reconnaissance surveys were carried out to gain an overview of 
the issues, and to assess the nature, research potential, and the current state of knowledge of 
the coastline and of stone monuments in the Republic of Ireland. As the chapter progresses, 
the field of focus narrow as the study defines what is meant by coastal stone monuments and 
how these monuments are arrived at through the literature review and the findings of the 
reconnaissance survey. The findings of this chapter provide: 
 
• An overview of stone archaeological monuments in the Republic of Ireland 
• A definition of the coast and the coastal zone suitable for the limits of this study 
• A discussion of the current state of knowledge of coastal archaeological monuments in the 
Republic of Ireland. 
• An evaluation of the potential for further discoveries in the Republic of Ireland. 
  
Ireland's morphology as an island has meant that all forms of trade, communications and 
contact with Europe and the rest of the world have been, until the twentieth century, by sea.  
One of the results of the historic use of the coast for the exploitation of natural resources, trade 
and communication around the Irish coast and with other nations, has been the development of 
towns, villages, individual buildings, structures and complexes along the coastline (Andrews 
1997). This pattern of historic settlement of coastal regions can be seen internationally and is 
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reflected in modern population distributions – 50% of the population of the industrialised world 
lives within one kilometre of the coast (Viles and Spencer 1995). The coast can then be 
understood as an important element in Ireland’s historic landscape. However, the existing 
record of Irish archaeological and architectural heritage has not addressed the diversity of 
stone monuments to be found along the Irish coast. Previous surveys including Ordnance 
Survey mapping and the published archaeological surveys (e.g. Lacey 1983, Cuppage 1986, 
Power 1994, Moore 1996, and O’Sullivan and Sheehan 1996) examined only the land, and 
normally stopped above the high water mark. This research has continued below the high 
water mark to evaluate the potential for previously unrecorded archaeological remains along 
the coast. 
 
Ireland has a legacy of stone monuments which is known to date from the last 6000 years 
(O’Brien and Harbison 1996). These range in type from megalithic monuments, early Christian 
churches, Anglo-Norman castles, medieval towns and buildings through to the increasing 
diversity of post-medieval and industrial structures and complexes (Moore 1996). Examination 
of available mapping resources of Ireland shows that archaeological monuments can be found 
in both urban and rural environments, in uplands and lowlands, in lakelands and along rivers 
and canals. Many of these monument types are also found close to or on the coastline of 
Ireland. Some were built to take advantage of the proximity of resources and communication 
with the sea. However, as there is no agreement on the range and extent of building forms 
which are considered “monuments”, there is no available published record of how many of 
these monuments are located along the coast, and no previous work to ascertain what risks 
these monuments undergo. This research intends to address in part this gap in the current 
knowledge – exploring the diversity of the historic coastal built environment and examining the 
threats to its sustainable preservation for the future. 
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This chapter discusses and defines the terms “coast”, “coastal archaeology” and  "Irish coastal 
stone monuments". It examines the building types which are termed “monument”, and critically 
examines the range of monuments currently recorded – and explores the diversity of coastal 
building forms which have not been subject to any previous study including sites and 
monuments recorded for the first time as part of this study. The overall aim of this chapter is to 
establish a clearer picture than currently exists of the range of coastal stone monuments 
surviving on the Irish coast. 
 
3.2 Overview of Archaeological Stone Monuments found in the Republic of Ireland. 
 
The Irish archaeological record can be broadly divided into monuments (buildings and sites) 
and smaller individual artefacts (including items composed of metal, ceramic, bone and other 
materials). These monuments have been defined under the 1995 Heritage Act of the Republic 
of Ireland. The buildings, complexes and sites recorded in the archaeological record are 
composed of a variety of building materials such as stone, earth, timber and other organic 
materials, and man-made materials such as mortars and burnt clay products. Timber and other 
organic materials tend only to survive under particular environmental conditions such as 
submerged, boggy and other waterlogged sites. Stone and earthen monuments comprise the 
vast majority of standing monuments in the Irish landscape - currently estimated at 140,000 
known monuments (Grogan and Kilfeather 1997). Stone monuments present a particularly 
interesting field of study with different architectonic forms often from overlapping historical 
periods used for a variety of social and cultural purposes.  
 
The term "stone" covers a wide group of materials of highly variable strength, durability and 
appearance. The word “stone” is also understood in different ways by different disciplines. The 
Concise Oxford Dictionary (Pearsall 2001) defines stone as a “Piece of rock of any shape 
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usually detached from earth’s crust and of no great size, esp. a pebble, a cobble or a single 
piece used or usable in building or road-making or a missile. The Penguin Dictionary of 
Geology (Whitten 1978) states “the word ‘stone’ is admissible only in combinations such as 
limestone, sandstone, etc. or where it is used as the name for extracted material – building 
stone, road stone. It should not be used as a synonym for rock or pebble”. This research has 
followed the definition of Smith (1999) where ‘stone’ is “rock which is used, other than as 
concrete or roadstone aggregate, in the construction of buildings or structures by man”. 
 
Throughout history and continuing to the present day, stone has been chosen as a high quality, 
durable material often intended for important and prestigious constructions. The brief 
descriptions of archaeological monuments outlined below is intended as an overview of stone 
monuments which survive today in the Irish landscape. The monuments date from many 
different archaeological periods, but are built of materials that enable useful comparisons to be 
made between their survival, and the human need for shelter evolved into the exploitation of 
the landscape, art and design in ancient architecture. For the purposes of this research, the 
component stone materials allow an evaluation of the condition of these monuments as they 
survive in today's world and how they can be best assessed for the potential for their 
preservation and sustainability for the future. 
 
The overview below sets out a simple description of the major archaeological monuments 
arranged in chronological order, though it should be borne in mind that the construction, use, 
re-use and adaptation of many of these monuments can extend over long time-spans and they 
may have performed a number of functions over time. The earliest known monuments are the 
megalithic burial monuments.  
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Prehistoric Monuments 
Megalithic Tombs 
Court Tombs 
Portal Tombs 
Passage Tombs 
Wedge Tombs 
Linkardstown Cists 
Rock Art 
Standing Stones and Stone Rows 
Stone Circles 
Boulder Burials 
Hillforts 
Coastal and Promontory Forts 
Stone Forts, Cashels and Ringforts 
 
 
Medieval Monuments 
Ogham Stones 
Round Towers 
Ecclesiastical Sites 
Anglo-Norman Castles 
Tower Houses 
 
Post-Medieval Monuments 
Fortified Houses 
Martello Towers and Signal Towers 
Bridges 
Table 3.1: Monuments Under Consideration Arranged in Chronological Order. 
 
3.2.1 Megalithic Tombs: During the Neolithic and Bronze Age, (c.3500 – c. 1500 BC), the 
practice of collective burial in stone tombs was a characteristic of farming communities across 
western Europe, including Ireland (Grogan and Kilfeather 1997). These monuments consist of one or 
more burial chambers formed of large stones (or megaliths), and covered with a mound of earth or 
stone. The dead, either inhumed or cremated, were placed within the chamber, often with grave 
goods such as tools, pottery and personal items. Irish megalithic tombs are generally classified into 
four main types – court tombs, portal tombs, passage tombs and wedge tombs.  A further category of 
unclassified megalithic monuments also exists. These are sites which do not conform to, or cannot be 
classified as a known archaeological site type on present evidence. These are sometimes noted as 
“Cromlech” or “Dermot and Grania’s Bed” on Ordnance Survey maps, or are locally regarded as a 
megalithic tomb. Over one thousand four hundred megaliths have been identified in Ireland, of which 
over five hundred are wedge-tombs. 
 
3.2.2 Court Tombs: The main features of a court tomb are a ceremonial courtyard set in 
front of a gallery divided in two (though occasionally three or more) burial chambers (Photo 3.1 
Kilcloney More Court Tomb). The gallery is covered by a long cairn of a number of possible 
plans - but with the court normally placed at the east end. There are over 350 known court-
tombs in the whole of Ireland, of a number of variant forms (Cody 2002). The court tomb at 
Creevykeel, on the coast of Co. Sligo for example (Pavía and Bolton 2001), is wedge-shaped 
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with the eastern entrance leading into an oval forecourt. Small subsidary chambers may also 
be found in the back and long sides of the cairn. Court tombs are mainly found in Counties 
Mayo, Sligo, Leitrim and Donegal, but also occur throughout Ulster (De Valera and O Nualláin 
1982). 
 
Fig. 3.1: Kilcloney More Court Tomb, Co. Donegal. 
 
3.2.3 Portal Tombs:  Portal tombs, also known as “dolmens” or “cromlechs”, consist of a 
massive roofstone, or capstone, resting on two uprights, or portal stones, and a backstone (Fig. 
3.2 Kilcloney More Portal Tomb, Co. Donegal). The entrance may also feature other stones, 
usually a sillstone though lintels are known, and may incorporate sidestones and corbels for 
walls. These monuments are broadly contemporary with the construction of the court tombs. 
Portal tombs may have featured an original cairn, though these are rarely preserved, and may 
also have featured a court. Some tombs show evidence of more than one chamber (Grogan 
and Kilfeather 1997). Portal tombs are mainly found on lowland sites over the northern half of 
Ireland. East coast examples include Kilternan and Killiney portal tombs Co. Dublin and 
Brownshill portal tomb, Co. Carlow (Pavía and Bolton 2001). These tombs were primarily used 
to house cremation burials, though inhumation burials are also known.  
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Fig. 3.2 Kilcloney More Portal Tomb, Co. Donegal  
 
3.2.4 Passage Tombs: A passage tomb consists of a circular kerbed mound or cairn, with 
the tomb placed often close to the centre of the structure and approached by a low passage. 
The construction may vary from simple to extremely complex. The tomb chamber may be 
round, rectangular, trapezoidal, or polygonal, and may have up to five or more recesses. 
Passage tombs are often sited on hilltops with sweeping views of the surrounding countryside, 
and were in use over an extended period of time (Waddell 1996). Passage tombs also feature 
megalithic art using a greater range of motifs to those found on Rock Art (Section 3.2.7). These 
may include curvilinear and geometric patterns such as spirals, rayed circles, chevrons and 
lozenges. These motifs may be found on kerbstones, orthostats (any stone placed to stand 
upright) within the passage or chamber, on lintels or on stone basins within the chamber. This 
tomb type is found throughout Atlantic Europe from Iberia to Scandinavia, and in Ireland is 
mainly concentrated in the northern half of the country (Grogan and Kilfeather 1997). 
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3.2.5 Wedge Tombs: There are about 505 wedge tombs known in Ireland (Gosling 1993). 
These megalithic tombs have a gallery constructed with side-stones which decrease in height 
from the western to the eastern end, which are either parallel or having a wedge-shaped 
appearance (Fig. 3.3 Cool East, Co. Kerry). They usually have an outer revetment walling 
which is close set and emphasizes the wedge shape. Wedge tombs are roofed with large stone 
slabs sitting directly on the upright stone walls of the gallery and are usually oriented north-east 
to south-west, and the entrance, placed to the east, is often closed by a single stone. Wedge 
tombs may also feature a portico at the front and a small end-chamber at the rear. 
 
Fig. 3.3: Wedge Tomb at Cool East, Co. Kerry 
 
3.2.6 Linkardstown Cists:  A further type of prehistoric burial monument is the cist grave. A 
cist is stone box-like structure set into the ground with a covering stone or lintel. Cists may 
measure up to one metre in every dimension but are usually smaller. Linkardstown cists are 
broadly similar in date to the court, portal and passage tombs, however, unlike the megalithic 
tombs which were designed for repeated use, Linkardstown cists may contain one, or 
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occasionally two or three individuals, interred in one act of burial. These cist burials were often 
covered with an earthen burial mound or tumulus (O’Sullivan and Sheehan 1996).  
 
3.2.7 Rock Art: The practice of carving designs on stone is common to many periods and 
cultures across the globe, and is usually termed rock art, rock carving or using the 
internationally recognised term petroglyphs. The limited range of dominant rock art motifs found 
in Ireland are shared with the countries of the western seaboard of Europe including Portugal, 
Spain, France, Britain and Scandinavia (Sanders 1985). Rock Art in Ireland is mainly 
concentrated on the Dingle and Iveragh peninsulas of Co. Kerry, and other groupings are 
known in counties Donegal, Louth and elsewhere (O’Sullivan and Sheehan 1996). Several 
groupings also occur in the area of the Leinster Batholith in Cos. Carlow, Kildare and Wicklow 
(Waddell 1996). Most examples in Kerry occur in elevated positions overlooking river valleys or 
the sea. These carvings are normally found on rock outcrops and small boulders. Irish rock art 
has parallels with the range of rock art motifs found on passage graves, and the petroglyphs 
also occur on wedge tombs, cist graves and standing stones (O’Brien and Harbison 1996) This 
type of art is believed to date to the late Neolithic or early Bronze Age, however there are 
difficulties in dating it (Grogan and Kilfeather 1997).  
 
Irish rock art motifs include cupmarks, cup and ring marks, circles and concentric circles and 
also some angular motifs. The most common design is the cupmark (a circular depression c.2-
5 cm in diameter), usually enclosed by one or more concentric circles (Fig. 3.4: Chalked Rock 
Art from Kealduff Upper, Co. Kerry). Radial lines often run across or through gaps in the circles. 
The carvings were often carried out with a hard stone point hammered to form pick marks, but 
were also occasionally incised. The meaning and function of rock art motifs is unknown, but 
suggestions have included some ritual function, maps of settlements or field systems, 
astronomical markings, and early metallurgists’ marks. 
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Fig. 3.4: Chalked Rock Art from Kealduff Upper, Co. Kerry 
 
3.2.8 Standing Stones and Stone Rows: Single upright stones are a common feature of the 
Irish landscape, and the erection of unhewn stones in prominent locations was a widespread 
custom in eastern and western Europe. These stones are often noted on Ordnance Survey 
maps as ‘long stone’, leacht, gallan or dallan. Standing stones range in height from 0.5 to six 
metres and some may feature rock art or ogham inscriptions. Examples with the long axis of 
the stone aligned north-east to south-west suggest an association between stone alignments 
and circles, usually dating to the Bronze Age (2000-800 BC). However, standing stones have 
been erected in all periods for many different purposes. Some may have marked prehistoric 
burials while others may have functioned as boundary or route markers, ritual or 
commemorative monuments, or as scratching posts for cattle (Cuppage 1986, O’Brien and 
Sweetman 1997).  
 
Standing stones can also be found in pairs and alignments, termed stone rows. Stone rows, 
believed to date to the Bronze Age (2000-800 BC), generally consist of three or more stones 
set close together and aligned north-east to south-west. Stone rows (such as Eightercua on the 
Iveragh Peninsula, Co. Kerry, Fig. 3.5) are concentrated in counties Cork and Kerry and may 
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have had a ritual, ceremonial or commemorative function. Stone pairs, consisting of two stones 
set close together and also aligned north-east to south-west, are very closely related and 
probably served a similar function (Moore 1996). 
 
Fig. 3.5: Stone Row at Eightercua on the Iveragh Peninsula, Co. Kerry 
 
3.2.9 Stone Circles: Stone circles are circular or sub-circular arrangements of free-standing 
upright stones, usually with an astronomical alignment. Irish stone circles are focused in two 
main concentrations – one in Ulster and the other in counties Cork and Kerry in the south-west 
of Ireland. Further examples also exist outside these concentrations, such as Athgreany in Co. 
Wicklow (see Pavía and Bolton 2001). Two types of stone circle are known from the south-west 
of Ireland: five-stone, and multiple stone circles such as Drombeg, Co. Cork (Fig 3.6). Multiple-
stone circles vary in size, but are usually arranged so that one stone (the axial stone) is set 
across from the two tallest stones (portal stones).  The main axis of the circle (a line extending 
from the middle of the gap between the portal stones across to the centre of the axial stone) is 
normally aligned north-east to south-west - sectors of the horizon in which the sun rises or sets 
at significant times during the year; equinox or solstice. Stone circles in Ulster tend to be 
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located in upland areas and are often covered by blanket bog. The stones tend to be greater in 
number and smaller in size than in the south-west of Ireland, and occasionally outlying stones 
are associated with the circle. 
 
Fig. 3.6: Drombeg Stone Circle, Co. Cork 
 
 
3.2.10 Boulder Burials:  Boulder burials consist of a large cover-stone or boulder resting on 
three or more low stones, dating to the Bronze Age (2000 – 800 BC). These monuments were 
not covered by a mound of earth or stones like the earlier megalithic tombs, and are sometimes 
associated with stone circles or stone rows. Boulder burials are concentrated in the south-west 
of Ireland, mainly in west Cork, and over eighty examples are known. The boulder burial known 
as “The Shrubberies” in Kenmare, Co. Kerry (Fig 3.7) is uncommon, as it is centred within a 
stone circle. 
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Fig. 3.7: Stone Circle with Boulder Burial to Centre, Kenmare, Co. Kerry 
 
3.2.11 Hillforts : A hillfort is a complex of banks, ditches or walls constructed around, and 
using the topography of, a hilltop for the purposes or defence, and may feature one or more 
ramparts. Hillforts are generally attributed to the late Bronze Age and early Iron Age. They may 
have served a variety of functions such as defensive, ceremonial, market and refuge functions 
but were usually not permanent habitations. Approximately eighty hillforts are known in Ireland, 
mainly distributed in the southern half of the country. 
 
3.2.12 Coastal and Inland Promontory Forts:  Promontory forts are situated on naturally 
defended positions including sea promontories, inland cliffs and coastal cliffs where the 
construction of defences were only necessary on the landward side. The defences normally 
consisted of combinations of ramparts, fosses (sometimes cut from the bedrock) or stone walls 
isolating the fort using a minimum defensive line. These forts are usually unapproachable from 
the seaward or cliff side. The internal arrangement of the fort is normally determined by the 
nature of the promontory exploited. Over two hundred examples of this fort survive (Grogan 
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and Kilfeather 1996) dating from the late Bronze Age to the post-medieval period. These are 
often situated on exposed coastlines, such as Dunbeg in Co. Kerry (Barry 1981), and can be 
very susceptible to coastal erosion (Fig.3.8). 
 
Fig. 3.8 Coastal Erosion to the Edges of Dunbeg Promontory Fort, Co. Kerry 
 
3.2.13 Stone Forts, Cashels and Ringforts: A ringfort consists of a circular or sub-circular 
area usually enclosing an area of between 25 and 40 metres in diameter, and surrounded by 
one or more earthen and/or stone banks and fosses. Ringforts are the most widespread and 
characteristic Irish archaeological field monument, and usually known as rath, raheen, lios, 
dun, cathair or caiseal. They are normally dated to the Early Christian Period (c.500 AD 
onwards), but were in use from the earlier Iron Age period extending until at least the end of the 
sixteenth century.  
 
Earthen ringforts usually feature a single bank and fosse, though double-ringed (bivallate) and 
triple-ringed (trivallate) ringforts are also known. Ringforts may have been periodically re-used, 
extended and modified over their lifespan. Stone ringforts are termed cashels, or caher in Co. 
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Kerry. Cashels serve the same function and form as earthern ringforts, and any fosse present 
tends to be cut from the bedrock. Their construction in dry stone without mortar is usually 
related to the availability and nature of the local building material. In some areas of the country, 
ringforts are composed of a combination of earth and stone and the distinction between ringfort 
and cashel may be arbitrary.  
 
Ringforts were not forts in the military sense, but functioned as an enclosed farmstead and 
were occupied from the Iron Age to the sixteenth century. Stone cashels  range in size and 
architectural detailing. Some may contain souterrains – one or more underground chambers 
linked by creepways and accessed from ground level by a narrow opening. Souterrains are 
usually associated with ringforts and cashels but are also found in association with 
ecclesiastical sites or in isolation.  They may have functioned as temporary refuge and storage 
places. The larger cashels featured more defensive elements than the average, and can be 
considered as defensive stone forts. They have high ramparts and may feature lintel-covered 
entrance passageways, wall-passages, inset stairways to the cashel walls, and one or more 
smaller stone buildings to the interior. Many of these sites may have been reused and 
reoccupied at different periods. The larger cashels, or stone forts such as Doon (Fig. 39), share 
strong defences and common architectural features, such as terracing of the walls, stone steps, 
and passages or chambers within the enclosing walls.  
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Fig. 3.9: Doon Stone Fort, Co. Donegal 
 
3.2.14 Ogham Stones: Ogham stones are upright standing stones functioning as 
commemorative monuments and usually associated with ecclesiastical sites. The stones range 
in height from one to two metres with inscriptions in Ogham letters along the edges. The 
inscriptions follow the general formula of “A, son of B”. Ogham, named after the Celtic god of 
writing, Ogimus, represents the earliest written Irish language form.  The nineteen letters of the 
alphabet are in the form of lines and notches. The stones are usually dated on linguistic criteria 
from the fifth to the mid-seventh century AD, though ogham continued in use in developing 
forms through the medieval period (Swift 2002). 
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Approximately three hundred and sixty ogham stones 
are known, with concentrations in Counties Cork and 
Kerry. The majority of the stones were not discovered 
in their original position. Many ogham stones have 
been re-used as building stones or lintels, and can be 
found in a range of building types including souterrains, 
ringforts and churches. The stone at Derrynane Beg 
(Fig.3.10), Co. Kerry and a further group of seven in 
Smerwick Harbour, Co. Kerry (O'Sullivan and Sheehan 
1997) were discovered exposed on sandy shores after 
winter storms.  
 
Fig. 3.10: Ogham Stone Found at the High 
Water Mark of Darrynane Beg, Co. Kerry. 
 
3.2.15 Round Towers: A round tower is a tall, circular, gently 
tapering ecclesiastical bell-tower built between the tenth and 
twelfth centuries. The towers were characteristic features of 
important early Irish monasteries, and over one hundred were 
built, with seventy-three round towers surviving to the present 
day (Lalor 1999). The towers were termed ‘cloigtheach’ and 
functioned primarily as belfries. However, other secondary 
functions could have included a lookout station, a symbol of 
prestige, and also as a repository and refuge. Round towers 
are normally free-standing (Fig. 3.11), but may be engaged as 
seen at Lusk, Co. Dublin. The towers normally have a 
doorway located between two and four metres above ground 
level, usually facing the doorway of the original church.  
 
Fig. 3.11: Round Tower at Kilree, 
Co. Kilkenny 
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Round towers were generally built of locally available  stone bonded with lime-based mortar 
(Pavía and Bolton 2001). The total height of the building, and the number and types of windows 
varies from tower to tower. However, the towers would have usually included four axially placed 
windows below a conical cap.  
 
3.2.16 Ecclesiastical Sites:  A wide variety of ecclesiastical built heritage survives in Ireland 
ranging from the early Christian period to the nineteenth and twentieth centuries. The 
introduction of Christianity during the late fourth century or early fifth century AD has resulted in 
the construction of wide range of churches and associated buildings and structures such as 
crosses, fonts, and enclosures serving various functions up to the present day.  
 
The earliest churches were arguably of timber and no trace of 
these survives above ground level. The earliest stone churches 
probably date to the ninth century (Leask 1955) and are single-
chamber buildings with a single window in the east elevation 
and a lintelled doorway in the west elevation or at the west end 
of the south elevation. Irish churches are normally aligned east-
west. The earliest churches may also feature antae (extensions 
of the side-walls beyond the gables) in imitation of elbow-cruck 
timber construction, and cyclopean masonry. 
  
Fig. 3.13: Tully Cross, Kilternan, 
Co. Dublin  
The early churches normally feature an enclosure, usually visible within the graveyard 
enclosure, surrounding field system or as crop marks. Ecclesiastical sites may also include a 
wide range of stone features including crosses, fonts, cross-slabs, pillars, cross-inscribed 
stones and grave-slabs. (Fig. 3.13) 
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The twelfth century was a period of reform in the Irish church with the establishment of 
diocesan and parochial systems, often coinciding with the establishment of Anglo-Norman fiefs. 
The twelfth century also saw the introduction of continental orders of monks including the 
Cistercians, Augustinians and others. The new friaries and abbeys of these orders (Fig. 3.12) 
were arrangements of specially adapted structures including a large church with refectory, 
dormitories, chapterhouse and other offices arranged around a quadrangular cloister normally 
located to the south of the church. These ecclesiastical complexes were set out to regular 
plans by religious orders such as the Cistercians (Leask 1958) and the Augustinians (O’Keeffe 
1999). Complexes were often repaired and added to, especially during the fifteenth century. 
From the twelfth century to the present day an increasing complexity and diversity in the range 
of ecclesiastical stone monuments forms the Irish built heritage.  
Fig. 3.12: Castledermot Abbey, Co. Kildare. 
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3.2.17 Anglo-Norman Castles: Angle-Norman stone fortresses were constructed from about 
1180 to mid-thirteenth century (MacNeill 1997). These castles often replaced an earlier timber 
and earthwork castle including motte-and-bailey castles built by the Anglo-Normans to defend 
their newly conquered territories. These castles were constructed to a variety of plans as their 
builders intended them as unique expressions of lordship. Common features include defensive 
walls, a keep, drum towers, a defended gatehouse and architectural details such as 
machicolations, wall-walks, arrow loops and crennelated battlements.  
 
3.2.18 Tower Houses: Tower Houses such as Barryscourt Castle, Co. Cork (Fig. 3.14), were 
constructed mainly in the fifteenth and sixteenth centuries but also into the seventeenth 
century. These buildings, often termed castles, functioned as fortified residences for local 
Gaelic and Old English families and feature many of the defensive features of earlier castles. 
Defensive features may include crennellated battlements a machicolation, base batter, 
bartizans, a yett, arrow and gun loops and a murder hole. The majority are tall rectangular 
towers from three to six storeys in height, sometimes featuring a fortified courtyard or “bawn” 
either abutting or enclosing the tower. The main living area was normally a hall at first-floor 
level with private rooms in the floors above.  Tower houses usually feature a stone barrel vault 
in the ground floor and sometimes a further barrel vault was present on an upper floor. 
Services such as garderobes, stairs and chimney flues are contained within the walls of the 
tower. The main doorway was located at ground-floor level and may be defended by a murder 
hole immediately inside. The doorway gave access to the stairwell and the ground-floor barrel 
vault. The windows normally consisted of slit openings splayed internally for arrows (or later 
guns), or loops set in wide embrasures. Later tower houses show more elaborate fenestration 
including ogee-headed and other window types. 
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Fig. 3.14: Barryscourt Castle, Co. Cork. 
 
3.2.19 Fortified Houses: Fortified houses are a group of buildings built over a period of 
approximately sixty years during the late sixteenth and early seventeenth centuries. The period 
began with the construction of Rathfarnham Castle, County Dublin c. 1590 by Adam Loftus 
(Fig. 3.15). The fortified houses were roomier, better-lit and more comfortable than the tower 
houses whose function they began to replace. These houses retained defensive features such 
as flanking towers, machicolations, bartizans, and gun loops, but their primary function was 
residential, being more comfortable and luxurious, rather than defensive in nature. Defensive 
features could also include accompanying bawn walls with a gate house, mural towers and gun 
loops.  
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Fig. 3.15: Rathfarnham Castle, Co. Dublin, the first fortified house in Ireland. 
 
Fortified houses vary in shape, but were usually three storeys high, and set out to a regular 
rectangular plan, though Z-plan, L-plan and U-planned houses also survive. The houses were 
usually symmetrical, containing large mullioned and transomed windows, with high gabled 
walls and chimneys, as surviving at Carbery Castle, Co. Kildare (Fig. 3.16). In some cases, the 
stairs are accommodated in an adjoining tower block and not within the main structure of the 
house. Many of the buildings have spear-shaped flankers or angle towers and share similarities 
in plan with star-shaped artillery fortifications of the same period such as Charles Fort, Co. 
Cork. Fortified houses share similarities in function with the large many-windowed semi-fortified 
blocks built as extensions of an existing tower house, for example at Athlumney, Co. Meath 
(Pavía and Bolton 2001) during this period. 
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Fig. 3.16: Carbery Fortified House, Co. Kildare. 
 
3.2.20 Martello Towers and Signal Towers: A series of small military towers was built around 
the coast of Ireland during the early nineteenth century. The construction of these towers were 
prompted by the threat of invasion from Napolean Bonaparte and the attempted French landing 
at Bantry in 1796. Signal towers were constructed at strategic locations from Dublin to Malin 
Head around the east, south and west coasts to ensure a rapid response to an invasion 
attempt. The signal towers were built to a similar but not identical design and were usually two-
bay, two-storey constructions with a first-floor entrance defended by a machicolation (Fig 3.17). 
 
A further series of approximately fifty towers with more defensive capabilities was also 
constructed at strategic points on the Irish coast. These Martello Towers are cylindrical coastal 
masonry towers with battered walls, mounting one or more cannons on the terreplein, or roof 
area, and featuring a single doorway at first-floor level on the landward side of the building. The 
term “Martello Tower” is derived from a coastal tower attacked by the Royal Navy in 1794 at 
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Mortella Point, St. Fiorenza Point in Corsica. However, the construction design of the Martellos 
are based on mid-eighteenth century Spanish and Minorcan coastal towers (Kerrigan 1983).  
 
Fig. 3.17. The Entrance and Machicolation of Bullock Martello Tower, Co. Dublin 
 
The Martello Towers in Ireland were constructed during two intensive periods of military 
construction between 1804-6 and 1811-14 (Clements 1999). The aim was to construct a 
continuous line of inter-visible lookouts and defences along strategically important sections of 
the coast. The construction details may vary from circular, and elliptical to cam-shaped plans, 
ranging in surface finish from finely-cut ashlar to rubble masonry with a coarse lime render 
surface finishes.  The towers normally mounted one, or occasionally two, 24-pounder cannons 
on the roof.   
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3.2.21 Bridges:  The majority of bridges 
surviving in Ireland date from the late 
eighteenth and nineteenth centuries. Few 
earlier bridges have survived, and the most 
common cause of destruction is flooding. 
Historic bridges vary in scale and design 
from simple single-arched bridges such as 
Cromwell’s Bridge, Co. Kerry (Fig 3.18) to 
multi-arch bridges such as Kilcarn, Co. 
Meath (Pavía and Bolton 2001). 
 
Fig. 3.18. Cromwells Bridge, Kenmare, Co. Kerry 
Spanning the Tidal Stretch of the River Finnehy. 
 
3.2.22 Lime Kilns:  A lime kiln is an industrial structure used for burning limestones and other 
carbonaceous rocks, and occasionally marine shells to make quicklime. They are a common 
feature of the Irish rural landscape and feature extensively on first-edition Ordnance Survey 
maps of the nineteenth century. Lime kilns were used for the production of mortar for building, 
and also for the production of lime for agricultural purposes. The kilns were built and used 
extensively in the eighteenth, nineteenth and twentieth centuries when lime was one of the 
most widespread non-food manufactured products. Limestone, or calcium carbonate (CaCO3), 
when burnt produces quicklime (CaO). Thus, lime was the traditional bonding agent for 
masonry mortars, plasters, renders and traditional "whitewash". The use of quicklime as an 
agricultural fertilizer to produce good crops became widespread in the eighteenth century 
where it mixed with water to produce slaked lime, or calcium hydroxide (Ca(OH)2). Kilns in 
Ireland are located in both urban and rural settings, with many concentrations along the rivers 
and inland waterways, and also along the coast. There is a variety of types of kiln constructed 
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during the post-medieval period (Figs 3.19 & 3.20, incorporating regional styles and various 
innovations as lime-burning technology developed. 
 
Fig. 3.19. Lime Kiln Showing Twin Openings at Frenchfurze, Co. Cork. 
 
Fig. 3.20. Coastal Lime Kiln at Rahan, Co. Donegal, Adjacent to McSwyne’s Castle. 
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3.3 Defining the Coast and the Coastal Zone 
 
The coast is most often defined as the place where the land meets the sea. However, the 
identification of where the sea stops and the land begins is a matter of some debate. The 
debate becomes increasingly complex in coastal systems such as coastal plains, mudflats, 
mangrove swamps, and salt marshes where the extent of the inter-tidal and the immediately 
supra-tidal is not clear. Common mapping practice is to use the edge of vegetation cover as the 
coastline as it often indicates the furthest extent of high water. Historically, the mean high tide 
mark has been used as a convenient boundary to mark the coastline. However, the high tide 
mark is not an immovable datum point. The line fluctuates with the daily and annual cycle of 
tides, and over longer timeframes as the shoreline itself undergoes change through processes 
of erosion and accretion, and with changes in land and sea-levels. Although in popular 
terminology the term coastline is frequently used, in practice, the coast has width and depth as 
well as length, and in recent years it has become more common internationally to refer to a 
"coastal zone" (Carter 1988, Bird 1992, Eolas 1992, Brady Shipman Martin 1997, Clayton et al 
2003). 
 
There are no clearly defined and universally accepted boundaries to the coastal zone (Carter 
1988, Bird 1992, Finkl 2004).  The many governments, institutions and other bodies involved 
with research and management of the world’s coastlines operate on a wide variety of scales, 
using different boundaries for different purposes. On a large scale, the coastal zone may 
include everything from the continental shelf to the coastal plain. The seaward boundaries of 
the coastal zone may be physical in the form of a continental shelf, or conceptual (for example 
in the form of territorial waters). These conceptual boundaries may be in the form of a coastal 
countries territorial waters, or the recently created spatial boundaries of Exclusive Economic 
Zones (EEZs) for coastal countries extending 200 nautical miles (approximately 370 
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kilometres) from the land. The extent of the landward boundary can also vary substantially from 
region to region.  The boundaries can be as little as 30m from the shoreline in Italy 
(www.unife.it/biologia/conservazione) to 10 kilometres in China (Bird 1992). Although not 
defined officially, for research and planning purposes the European coastal zones are 
comprised of a 12 mile territorial sea belt, and a 10 km land belt to include most of the large 
coastal cities, the economic activities connected with the coast, and the influence on coastal 
morphological and ecological processes (Quelennec 1998). 
 
Increasingly, definitions of the coastal zone are moving away from a spatial definition, to a 
broad description in line with Carter's (1988) definition of the coast as 'that space in which 
terrestrial environments influence marine (or lacustrine) environments and vice versa'. Many 
definitions of the coastal zone do not contain physical limits and purposely leave the 
parameters open. Where the land is relatively flat, the coastal zone may extend some distance 
landward, and where the sea meets a cliff face or other steep surface - the coastal zone may 
be confined to a relatively narrow band. 
 
Within this broad definition, it is possible to break the coastal zone into a number of generic 
units, the parameters of which may vary from country to country. This study of Irish coastal 
stone monuments necessitated the definition of the landward and seaward extents of the coast, 
and thus, for the purposes of this research the coastal zone will be discussed in relation to the 
following generic units: 
 
• The sub-littoral or sub-tidal area: extending from the mean low spring tide water 
mark seaward. 
• The littoral or inter-tidal area: extending from the mean low spring tide water mark to 
the mean high spring tide water mark. 
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• The supra-littoral area and adjoining coastal land: extending landward from the 
mean high spring tide water mark.  
 
These terms have been taken and adapted from common usage in the biological sciences 
(Fossitt 2000) and have been applied here for the purposes of this study to more accurately 
describe the position and associated weathering environment of coastal stone monuments. 
These three subsystems of the coastal zone model interact, and the boundaries between them 
may fluctuate. They can be affected by proximity to rivers and waterways, sediment transport 
processes, sea conditions and human activity. The extent of these areas within the coastal 
zone can be adjusted for different management objectives. Recent work in the United Kingdom 
aimed at recording archaeological monuments along a coastal strip have tended not to specify 
a seaward boundary, and different regions have decided upon different landward boundaries in 
order to meet specific project objectives. The landward boundary of a coastal zone deemed to 
have archaeological potential has varied from 50 m in Scotland  (James 1996), to 150 m in 
Wales (Sambrook & Williams 1996). The most recently published work by English Heritage 
(Isle of Wight County Archaeological Unit 2001) has followed the method suggested by Fulford 
et al (1997) in not spatially defining the landward extent of a coastal archaeological survey, but 
allowing a flexible boundary which can extend as far landward and seaward as required for 
management purposes. 
 
The present study of the potential risks to Irish coastal archaeological stone monuments 
necessitated that the landward and seaward extents of the survey area be spatially as well as 
conceptually defined. The boundaries used in recent studies in the United Kingdom were 
designed for the recording of archaeological monuments, and in some instances (James 1996), 
the consideration of shorelines at risk from coastal erosion processes.  However, considering 
the high rate of coastal erosion experienced in the south-east of Ireland and the resultant loss 
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of monuments and sites, landward band widths of 50-150 metres were deemed unsuitable to 
consider monuments under potential long-term risk. Similarly, the highly varied coastline of Co. 
Galway requires a more encompassing boundary in order to account for historical shoreline 
alteration. A broader figure of 300 metres landward and seaward of the boundaries of the 
littoral zone was used in order to record all possible monuments within the coastal zone. The 
parameters of this zone of coastal archaeological potential was determined to be suitable for 
the consideration of traces of any coastal stone monuments which may have been lost on the 
Irish coast, and for consideration of coastal monuments which may be at risk in the future. The 
aim of these decisions through the course of the research was to build a critical knowledge of 
stone monuments along the coast, while exploring potential methods of evaluating the nature, 
and risks to the long-term survival of these monuments.  
 
3.4 Defining Coastal Stone Monuments. 
 
One of the challenges in this study was to define what is meant by an Irish stone monument.  
There is a substantial body of published work on Irish monuments, however, there is no clear 
agreement on what should constitute a “monument”. Up until relatively recently, the year 1700 
AD was given as a benchmark date – any building before this date was deemed to be an 
archaeological site and therefore a “monument”. Anything built after this date was deemed to 
be non-archaeological and of interest to other disciplines such as architectural historians, 
historical geographers, modern historians etc. A certain amount of post-1700 buildings, such as 
some large mansions, castles, Georgian period houses and other buildings of special 
“architectural” note were deemed “monuments”. This situation led to confusion as to which 
buildings, structures and complexes could be considered a monument. The situation was 
partially addressed through legislation in the form of the Heritage Act, 1995 (The Heritage 
Council 2000) which defined national heritage as including monuments, landscapes, 
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archaeological objects, seascapes, heritage objects, wrecks, architectural heritage, geology, 
flora, heritage gardens and parks, fauna, inland waterways and wildlife habitats. However, this 
description considers monuments and architectural heritage under separate definitions, 
although clearly there is overlap here as many types of construction could be considered within 
both definitions (Tables 3.1 and 3.2).   
 
Architectural heritage 
 
Includes all structures, buildings, traditional and designed, and groups of buildings including street-scapes and 
urban vistas, which are of historical, archaeological, artistic, engineering, scientific, social or technical interest, 
together with their setting, attendant grounds, fixtures, fittings and contents, and, without prejudice to the 
generality of the foregoing, includes railways and related buildings and structures and any place comprising the 
remains or traces of any such railway, building or structure. 
 
Monument 
 
Includes the following, whether above or below the surface of the ground or the water and whether affixed or not 
affixed to the ground: 
 
(a) any artificial or partly artificial building, structure or erection or group of such buildings, structures or erections, 
 
(b) any cave, stone, or other natural product, whether or not forming part of the ground, that has been artificially 
carved, sculpted or worked upon or which (where it does not form part of the place where it is) appears to have 
been purposely put or arranged in position, 
 
(c) any, or any part of any, prehistoric or ancient -  
 
(i) tomb, grave or burial deposit, or 
 
(ii) ritual, industrial or habitation site, 
 
and 
(d) any place comprising the remains or traces of any such building, structure or erection, any such cave, stone or 
natural product or any such tomb, grave, burial deposit or ritual, industrial or habitation site, situated on land or in 
the territorial waters of the State, but does not include any building, or part of any building, that is habitually used 
for ecclesiastical purposes. 
Table 3.2: Definitions of elements of the national heritage (after The Heritage Council 2000). 
 
A monument is any building or other construction consistent with the definitions of 
“monument” and “architectural heritage” as defined Table 3.1. 
A stone monument is any monument composed entirely of, or constructed using a 
significant proportion of stone. 
A coastal stone monument is any monument consistent with the definitions above and 
located within a coastal zone extending 300 metres landward and seaward of the littoral 
zone. 
Table 3.3 Definitions Developed for the Purposes of this Research Project.  
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3.5 Coastal Stone Monuments in the Republic of Ireland 
 
The next stage of this review is to examine the vulnerability of coastal stone monuments in 
Ireland. To do this, it is necessary to review the current state of knowledge of Irish field 
monuments and the extent of development of coastal archaeology in Ireland to date.  
 
3.5.1 The Current State of Knowledge of Stone Monuments 
 
Published work on archaeological monuments in the Republic of Ireland tends to fall into three 
categories: 
 
• Published county archaeological inventories (e.g. Gosling 1992, Grogan and Kilfeather 
1997) noting the type of monument and a brief description. The inventories are based 
on unpublished survey data and limited fieldwork by the Archaeological Survey of 
Ireland, and excavation reports held in the records of the Department of the 
Environment, Heritage and Local Government. 
• General overviews of field monuments normally categorised chronologically by type or 
style (e.g. O’Brien and Harbison 1996). 
• Publications focussing on historical periods, individual sites or types of monument (e.g. 
Cody 2002). 
 
Detailed examination of these sources provided an overview of Irish stone monument types. 
However, the research also uncovered a number of inconsistencies within the current 
published sources. 
 
The published county inventories function as the main published reference documents for Irish 
field monuments. The earliest inventories (for County Donegal and sections of Counties Kerry 
and Tipperary) were published by local archaeological groups. The more recent inventories are 
produced by the Archaeological Inventory of Ireland – now part of the Department of 
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Environment, Heritage and Local Government. The county surveys currently cover only fifteen 
complete counties and sections of Counties Galway, Tipperary and Kerry. A full set of county 
inventories is expected to be available by 2010 (O'Dea, J., Archaeological Inventory of Ireland 
pers comm).  However, as will be discussed later in this chapter, the published county surveys 
are currently inconsistent in the types of monuments that have been recorded.  There are also 
some field monuments which have been omited by the county surveys. For example, 
Kilmacanogue Church in Co. Wicklow, studied as part of this research, was recorded as no 
longer standing in the published county inventory (Grogan and Kilfeather 1997). 
 
The majority of the inconsistencies found within the county inventories are not necessarily due 
to errors of omission, but to a lack of standardisation of the range of historical buildings and 
structures considered of “archaeological” interest, and a lack of clarity as to what constitutes a 
“monument”.   These inconsistencies are most noticeable in the post-medieval period where 
the fields of archaeology and architectural history overlap, leading to a number of errors and 
continuing confusion over the inclusion of post-medieval and industrial features and complexes 
as archaeological heritage. 
 
3.5.2 The Current State of Knowledge of Coastal Archaeology  
 
Coastal archaeology is a relatively new field of study of the history of human remains. The area 
has developed from it’s mid-twentieth century origins as the specialist study of shipwrecks and 
other features of interest to nautical and maritime historians. In recent years, there has been a 
growing international recognition of the archaeological potential of the coastal fringe. The area 
has developed internationally to include the recording of submerged objects, structures, 
settlements and landscapes dating from the mesolithic period through to the late nineteenth 
century from areas as far afield as England (eg Momber 2000), Italy (Gianfrotta and Pomey 
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1981), Egypt (Empereur 1999), India (Tripati et al 1998) and the Black Sea region (Batchvarov 
1999). 
 
Coastal archaeology can be defined as the study of human activity from above high water mark 
out into the open sea, together with terrestrial sites that relate to the human exploitation of the 
sea. Traces of this activity may include the full range of monument types normally located in 
urban, inland unpolluted and upland sites, and may also include shipwrecks, single finds and 
submerged structures, together with historic ports, harbour structures, industrial sites and 
coastal defences. The field has recognised the potential of the coastal fringe in returning 
valuable information regarding past human activities at the seashore. However, focused study 
of the coast is a relatively new field within archaeology and there has been little work in this 
area in Ireland. Published work on stone monuments in coastal areas have tended to be either 
detailed descriptions of individual sites (e.g. Barry 1981, Twohig 1995, O’Sullivan 1997, Casey 
1999, Scally 1999, Redmond 2002) or included in overviews of particular areas (McErlean et al 
2002, O’Sullivan 2005).  
 
Consequently, there is a large gap in knowledge of the archaeological potential of the Irish 
coastline. The county inventories do not consider the remains of monuments located below the 
high water mark and therefore much of the archaeology on the coast has not been recorded in 
any form. For example, Cromwells Castle on Port Island, Inisbofin, Co. Galway is recorded in 
the county inventory (Gosling 1993). However, the associated late medieval harbour recorded 
by Pavía and Bolton (2001) is not included. Similarly, the medieval tower house at Shippool, 
Co. Cork (Power 1994) does not record the substantial stone quay located in the inter-tidal 
area immediately adjacent to the castle (Bolton and Pavía 2005). 
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Further to the points above, the interaction of these recorded stone monuments with the coast 
has not been explored. There are no published studies regarding the use of these monuments 
for communication or the exploitation of coastal resources. There has been no research into 
the distribution of monument types along the coast or within coastal regions. Most importantly 
for this research, there had been no previous research into the types of stone material used in 
the construction of these monuments or into the current condition of monuments along the Irish 
coastline. This will be discussed in more detail in Chapter 5. 
 
The number and range of Irish stone archaeological monuments cannot be arrived at easily. 
The extent of coastal archaeological monuments and historic buildings in Ireland has not 
previously been adequately published or quantified. In addition, the impacts of sea-level 
change and coastal processes on the Irish archaeological resource have not been previously 
studied. Coastal stone monuments are therefore a resource which is not fully recorded or 
understood, but is subject to ongoing pressures through global warming which may accelerate 
through the twenty-first century. One of the first tasks in assessing the nature of risk to these 
monuments must be to quantify the nature of the resource. 
 
3.5.3 Current knowledge of Coastal Stone Monuments in Counties Wicklow, Wexford 
and Galway. 
 
The aim of this section is to examine the current knowledge of coastal monuments reflected in 
the published literature on Irish archaeological monuments. The purpose is to indicate gaps in 
the existing knowledge, identified through literature review of this study. Reconnaissance 
surveys to determine the nature and extent of coastal stone monuments and to identify gaps in 
the literature base were carried out in Counties Wicklow, Wexford and Galway during 1999 and 
2000. The assessment was made by comparing records of the published archaeological 
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inventories and available ordnance survey mapping of the coast in selected areas of these 
counties to note any discrepancies. Any significant discrepancies were then checked by brief 
site visits carried out as part of the reconnaissance surveys. 
 
The study of Irish archaeological monuments has led to a literature centered on time periods 
and particular styles of building. The Irish landscape has been subject to surveys of ever-
increasing resolution from a number of increasingly specialised academic fields examining the 
built environment – archaeology, architecture, spatial information systems, engineering, 
geography, art history etc. From this body of study has arisen a literature base examining the 
historic built environment – the castles, churches, megalithic monuments through to a more 
recent awareness of the significance of the smaller, more common building forms which make 
up the Irish built environment. During this time, however, the coastal marginal land has 
remained unexamined. In recent years, the archaeological value of post-1700 buildings has 
begun to be recognised and this has led to a blurring of the lines as to what is meant by a 
monument. This confusion as to what constitutes a “monument” can be seen most clearly in the 
published county inventories of the Archaeological Inventory of Ireland. The published 
inventories give a list and a brief description of field monuments in Ireland, which broadly 
consist of stone and earthen monuments, grouped by type and sorted chronologically.  
County Total 
Monuments 
Total stone 
monuments 
Total coastal 
archaeological sites 
Total coastal Stone 
Monuments 
Wexford 1675 528  (100%) 100  (18.9%) 47  (8.9%) 
Wicklow 1200 387  (100%) 41 (10.6%) 9  (2.3%) 
West Galway 1018 418  (100%) 260 (62.2%) 181 (17.7%) 
Table 3.4: Breakdown of Monuments by Stone Type and Coastal Location Based on Comparison of Data 
Published in Moore (1996 & 2003) and Grogan & Kilfeather (1997). 
 
Table 3.4 shows a breakdown of monuments recorded in the relevant county inventories. The 
West Galway inventory (Gosling 1993) lists Martello Towers in the county, yet the later Wexford 
inventory (Moore 1996) does not. These omissions, noted in the literature review phase, were 
checked by field visits during the reconnaissance surveys. Similar omissions can be seen in 
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other inventories, for example, the Meath inventory (Moore 1987), an early edition in the series, 
includes stone bridges, yet later inventories do not. Given that the recording of monuments in 
the coastal zone is already poor, it must be concluded that the county inventories are unreliable 
in reflecting the nature and scope of built heritage along the coast. Table 3.4 outlines some of 
the most noticeable discrepancies: 
 
Monument Type Wicklow (1997) Wexford (1996) West Galway (1993) 
Martello Tower Not included 
(1 is currently standing, 2 
are lost) 
Not included 
(4 are currently standing, 1 
is lost*) 
2 noted 
Coastal Quarry Not included 3 noted Not included 
Holy Well 57 noted Not included  56 noted 
Lighthouses Not included 1 noted Not included 
Table 3.5: A Sample of Inconsistencies of Recorded Coastal Stone Nonuments within the County Inventories. 
*The term ‘lost’ has been used to describe a tower now destroyed by coastal erosion, development or other 
processes. 
 
The county inventory series also contains discrepancies regarding later building forms such as 
lime kilns, harbours and quays, lighthouses, and most eighteenth and nineteenth century 
buildings. Clearly, the existing literature on Irish monuments does not put forward a method for 
identifying coastal stone monuments. Even more discrepancies arise when trying to formulate a 
comprehensive list of Irish coastal building types by reference to non-Irish archaeological 
surveys. Coastal surveys in England, Scotland and Wales have been carried out by separate 
agencies in recent years (e.g. James 1996, Sambrook and Williams 1996, Fulford et al 1997). 
Due to regional differences in building traditions, many of the building forms which have 
survived in each region differ substantially from other regions. Also, local building styles exist 
which are unique to a particular region or locality. The compilation of a cross-regional coastal 
building typology for the British Isles showing the range of possible building types is possible, 
but would not necessarily show or be representative of the range of building types which could 
be found along the Irish coast, and therefore the use of these surveys as a comparison with 
Ireland was not found to be useful or relevant for the purposes of this study.  
 
3.5.4 The Potential for Further Discoveries along the Coast of the Republic of Ireland 
 
(Section 3.5.3 indicated that the coast has potential to contain buildings and/or monuments 
whose significance has not been previously recorded. In order to assess the potential of the 
coastal zone for containing unidentified traces of the historic built environment, a limited 
amount of fieldwork in the form of an initial survey was carried out. The fieldwork was based on 
a desktop review of the available literature and cartography in order to select areas with a 
reasonable probability of containing historic stone structures.  
 
A sample area was field-walked to determine any new structures not recorded in the desktop 
review of available literature and cartography (Table 3.6). The area was selected to coincide 
with site evaluations of coastal stone monuments (discussed in Chapters 4-6) located on the 
coast of South Dublin and North Wicklow (Fig.3.21 & Table 3.4), and Rosslare Fort, Co. 
Wexford (Section 4.4.2). The purpose of this investigation was to note any stone structures of 
potential historical or archaeological significance located on the coast, not having been 
previously recorded, and to evaluate the most significant physical threats to their continuing 
survival. 
 
 67 
 
Fig 3.21: Stone Monuments Field Surveyed in North Wicklow and South Dublin. The Key is found in Table 3.5. 
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• 
DUBLIN 
, 
--
GREYSTONES 
Site number Site name 
1.  Sandymount Martello Tower, Co. Dublin 
2.  Booterstown Sea Wall, Co. Dublin 
3.  Booterstown Martello Tower, Co. Dublin 
4.  Blackrock Stone Cross, Co. Dublin 
5.  Seapoint Sea Wall, Co. Dublin 
6.  Seapoint Martello Tower, Co. Dublin 
7.  Kilternan Megalithic Tomb, Co. Dublin 
8.  Kilternan Church, Co. Dublin 
9.  Ballybrack Megalithic Tomb, Co. Dublin 
10.  Old Conna Church, Co. Wicklow 
11.  Raheenacluig Church, Co. Wicklow 
12.  Oldcourt Castle, Co. Wicklow 
13.  Fairy Hill Stone Cross, Co. Wicklow 
14.  St Valerie’s Cross, Co. Wicklow  
15.  Fassaroe Castle, Co. Wicklow 
16.  Kilmacanoge Church, Co. Wicklow 
17.  St Crispin’s Cell, Co. Wicklow 
18.  Greystones Railway Bridge, Co. Wicklow 
? Bray Case Study Area. 
Table 3.6:  Key to Stone Monuments shown in Figure 3.21 
 
The initial survey of selected coastal sections in counties Wicklow and Wexford uncovered a 
significant number of previously unrecorded monuments ranging from stone monuments, 
submerged landscapes, submerged settlements, and buildings constructed of materials other 
than stone. These included a brick kiln located in the inter-tidal area of Bannow Bay, Co. 
Wexford, a timber fishermans cottage at Bray, Co. Wicklow and a mid to late nineteenth 
century coastal defence system constructed from mass reinforced concrete. In addition to 
these, there were a number of coastal sites such as quarries and landing places (Bolton, Moran 
and Tully 2000) which are part of the historic built environment but are often not normally 
included in archaeological inventories. 
 
The more detailed survey of the north strand of Bray, Co. Wicklow uncovered a significant 
number of stone building in addition to that recorded within the county inventories. The Wicklow 
inventory has not recorded either of the Martello Towers numbers 1 and 2 (the former lost 
through coastal erosion, and the latter standing). On the north strand area, the inventories 
follow the old county boundary line and the remains here are recorded within the currently 
unpublished Co. Dublin inventory.  The raw data of the Co. Dublin inventory had recorded only 
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the sites of martello towers 3 and 4 for the area, both of which were lost in the latter half of the 
nineteenth century due to coastal erosion. However, fieldwork on the site noted that there were 
a number of additional major stone buildings located in the area. The majority of these dated to 
the post-medieval period but also included a Palaeolithic landscape in the form of a submerged 
forest.  
Built structure Noted in Archaeological 
Inventory / RMP* 
Noted during fieldwork 
1998 - 2002 
Martello Tower 3 Yes No surface trace 
Martello Tower 4 Yes No surface trace 
Railway Embankment No Survives to max. 1.7 m high and running for 
3 km in littoral and sub-littoral zones. 
Railway Bridge No Surviving. Partial collapse in 2001. 
Landing place No Surviving in littoral zone. 
Breakwater No Surviving in littoral zone. 
Gate Lodge No Surviving to max. height of 3 m 
Fisherman’s cottages No Partial traces. 
Table 3.7: The Bray Area Comparing the Number of Stone Monuments Noted in the Archaeological Inventories 
and the Number of Stone Structures Recorded during Fieldwork 1998-2002. *RMP = Record of Monuments and 
Places 
 
A survey of Rosslare Fort in Co. Wexford also showed a high proportion of sites which had not 
been previously recorded. A 17th century star-shaped fort was recorded for the site (Moore 
1997), however the 19th century village (destroyed 1926, Kehoe 1972, see Section 4.4.2) which 
had developed around the site was not recorded. Only two sites were recorded in the inventory 
for the Bray area, but seven additional major structures were located within a 400 X 100 m 
survey area. These initial test field surveys suggest that there is a high probability of significant 
numbers of coastal stone monuments that have not been previously recorded surviving  along 
the Irish coast. 
 
3.5.5 Assessing the Extent of Remains of Irish coastal monuments. 
 
The results of the reconnaissance surveys enabled a preliminary assessment of the extent of 
remains of Irish coastal monuments identified as surviving during the literature review. This 
allowed an evaluation of the accuracy of the existing literature on coastal monuments, and also 
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allowed the research to be further focused to evaluate the nature and extent of the threats 
posed to coastal monuments (Chapter 4). The aim of this section was to evaluate the key 
issues affecting these monuments, and to explore the extent of remains which may be found.  
 
One of the challenges of this study was to compare the decay and threats to a diverse 
population of monument types, of widely differing proportions, structural complexity, levels of 
deterioration, method of construction and the significance of the monument as a heritage 
object. In order to develop a sustained argument to discuss risk to these diverse structures, it 
was immediately apparent that a method of usefully comparing and discussing these 
monuments would have to be developed. 
 
3.6 Discussion 
 
The literature review and the initial survey work indicated a clear need to continue and develop 
research into the coastal archaeological resource in Ireland. The number and range of Irish 
coastal archaeological monuments remains an unknown and unquantified figure. The current 
published county inventories are reasonably accurate for field monuments constructed before 
1700, however, there is a great deal of confusion as to the range of post-medieval monument 
types which should be recorded. Heritage in the inter-tidal zone was not subject to record until 
after the Heritage Act 1995 - and there are no current plans to produce an inventory of coastal 
heritage along the lines of the existing county inventories. Many coastal buildings are not 
marked on nineteenth century cartographic sources, and many industrial heritage structures 
such as railway buildings, coastal protection and port buildings, located below the high water 
mark are often never noted - as was the case for the majority of the buildings of the north 
strand of Bray (see Section 4.4.1). The area continues to experience loss and damage to both 
the historic built and natural littoral and sub-littoral environments. There is therefore no 
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accurate database for coastal heritage, and no record for the numbers of monuments and 
structures which have been, or which may in the future be lost through coastal erosion. 
 
The literature review phase of this research has shown that methodologies for archaeological 
and other purposes current in use are limited in the identification of monuments in the coastal 
zone. The initial fieldwork element of this study noted that the existing resources most 
commonly used for a desktop survey of archaeological monuments in an area (Ordnance 
Survey maps, published county inventories and the unpublished “Record of Monuments and 
Places (RMP)” files of the Archaeological Inventory of Ireland, Department of the Environment, 
Heritage and Local Government) are not suitable for the accurate survey of coastal 
monuments. The known record of archaeological monuments provides a useful baseline to 
focus on areas showing historical settlement activity. However, the existing literature does not 
normally consider or survey anything below the high water mark noted on the Ordnance Survey 
maps, and as previously discussed (Section 3.3), this mark is an unreliable datum mark. 
Comparisons with coastal archaeological surveys in the United Kingdom (e.g. James 1996, 
Sambrook and Williams 1996, and Fulford et al 1997) may be useful in building a database of 
possible built structures which may be encountered in the inter-tidal zone, however, the results 
of these surveys may differ significantly from the Irish archaeological resource due to regional 
variations in building traditions. The findings of this research have been that visual surveys of 
the coast at low water periods returned the best quality data on the current condition of the 
coastal built environment. 
 
The inter-tidal area in Ireland has not been the subject of accurate mapping. Aerial surveys are 
not always flown during periods of low water - resulting in the absence of large sections of 
marginal land from conventional mapping. The recently produced digital aerial imagery of 
sections of the Irish coast (O’Riain 1998) were often flown during periods of high water. Owing 
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to conditions such as sea state, angle of sunlight and the amount and distribution of suspended 
sediments in the sea, it is not always possible to have clear visibility in the shallows around the 
Irish coast. The result is that a great deal of information on the coastal zone may not be 
recorded by aerial photography except under particular conditions.  
 
The limited fieldwork carried out as part of this research has shown that there are large historic 
built structures located in the inter-tidal area which have not been previously recorded. These 
include prehistoric landscapes, submerged settlements and significant examples of industrial 
heritage. The condition of these monuments are highly variable, ranging from intact and in use, 
to no trace surviving with the site covered by several metres of water.  
 
There is a need for an update to the current record of Irish monuments, and a revision of its 
scope. This would ideally set out the number and range of buildings and structures considered 
under the term “monument”. The inter-tidal and submerged areas require basic survey to 
attempt to quantify the extent of the coastal archaeological resource, which would form an 
important step in assessing the nature of the resource, and then allow more accurate analysis 
of developing threats to their sustainable future.  
 
3.7 Summary 
 
• The published literature on Irish stone monuments is reasonably accurate in the published 
counties for monuments constructed before 1700, but unreliable for structures of potential 
archaeological significance  constructed after this date. The published literature on Irish 
stone monuments is therefore unreliable in reflecting the nature and scope of built heritage 
along the coast. 
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• The findings of this research have been that visual surveys of the coast at low water 
periods returned the best quality data on the current condition of the coastal built 
environment.  
• A significant number of coastal stone monuments remain unrecorded along the coastline of 
the Republic of Ireland. 
• The current condition of coastal stone monuments recorded between 1998 and 2002 is 
highly variable (ranging from intact and in use to “site of”) - a point which will be discussed 
in greater detail in the following chapters. 
• There is a need to better quantify and qualify the nature and extent of the coastal 
archaeological resource in order to inform protection and conservation. 
 
This chapter has outlined the current state of knowledge of Irish coastal stone monuments, 
outlining the range of monuments known to exist along the coastline of Ireland, and the 
potential for significant numbers of previously unrecorded stone structures to also survive. It is 
important to understand the processes through which these monuments deteriorate in order to 
determine the level[s] of vulnerability which may impact on their structure and component 
elements. There is a wide range of possible threats to the sustainable future of surviving 
coastal stone monuments which needs to be addressed to consider how they could be 
conserved for the future. The following chapters will examine potentially harmful change to 
these monuments at two levels – high level change through disruption of the building fabric, 
and lower level change as the surface of the stone masonry is altered through stone decay 
processes.  
 
4. Coastal Erosion 
 
4.1 Introduction 
 
Within the overall aim of the research, this chapter seeks to identify, assess and discuss the 
potential physical impact of coastal erosion on stone monuments located on different shoreline 
types around the coast of the Republic of Ireland, and to examine the projected impacts of future 
climate change on these monuments.  
 
The chapter outlines the causes and processes of coastal erosion and changes in relative sea-level, 
and discusses the significance of different coastal types for the survival of monuments, with 
comparisons and discussion through case studies from the east and west coasts of Ireland. The 
research will compare the threat of coastal erosion to the relatively sheltered south-east but “soft” 
coastline of Ireland, and erosion on the more exposed high energy shoreline of the “hard” west 
coast of Ireland. It also discusses the historical loss of stone monuments in coastal areas, and the 
implications of global warming and associated rises in global and local mean sea level for the 
survival of coastal monuments in the twenty-first century and beyond, and discusses their potential 
to impact coastal change processes, which may have significant implications for the preservation 
and survival of coastal heritage in the Republic of Ireland. 
 
The significance of the threat of coastal erosion, the types of impacts it brings to bear on different 
shoreline types, and how it changes the natural and built environments is reflected in the increasing 
occurrence of conservation works and archaeological excavations at a number of National 
Monuments in state care, including Inismurray, Co. Mayo, Scattery Island, Co. Clare and 
Illauntannig, and Ballinaskelligs, Co. Kerry (Mr. P. McMahon, National Monuments and Historic 
 75   
Properties section of the Office of Public Works, pers comm). However, the process of impact and 
destruction, and the potential for future loss is unknown and has not been the subject of previous 
research. As highlighted in Chapter 3, there are inconsistencies and errors within the available 
published work on Irish monuments, and accurate figures for the number and range of Irish stone 
archaeological monuments cannot be arrived at easily. Similarly, the impacts of sea-level change 
and coastal processes on the Irish archaeological resource have not been previously studied. This 
chapter intends to highlight the level of threat to a resource which is not fully recorded or 
understood, but has been subject to ongoing pressures which may accelerate through the twenty-
first century. 
 
As an initial step, the large number of archaeological sites identified during the literature review 
(Section 3.5) were evaluated to focus on a manageable sample population suitable for fieldwork 
studies (see Appendix IV). A decision was made to concentrate on monuments located on the 
coast, with a comparable group located in unpolluted rural environments. The assessments 
examined the deterioration of monuments at two broad scales –the deterioration of the building or 
site as a whole, and the deterioration of it’s component elements, specifically stone surfaces. 
Above-normal levels of damage to stone monuments located on or adjacent to the coast have been 
a focus for research in mainland and Mediterranean Europe (e.g. Silva et al 1996, Lowe 1998, 
Zezza 2003, discussed in detail in Section 6.3). However, despite the location of the Republic of 
Ireland on the Atlantic seaboard of Europe, no similar studies into the possibility of more severe 
and/or different forms of decay affecting coastal monuments have been published.  
 
Damage to stone surfaces forms a key element of the research. However, the Republic of Ireland 
holds approximately 1400 bedrock groups, each containing a number of stone types, and each 
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stone type showing variation in composition, appearance, texture and properties (A. Sleeman, 
Bedrock Section, Geological Survey of Ireland, pers comm).  In order to meaningfully research and 
evaluate the deterioration of stone surfaces, it was necessary to determine comparable stone types 
most likely to be found in archaeological monuments, and present in both coastal and unpolluted 
inland environments. A wide reconnaissance survey was undertaken to examine some of the most 
common stone types in the Republic of Ireland, including limestone, sandstone, granitic rocks and 
some metamorphic rock types. Further focused work was later undertaken on a single stone type – 
granitic rocks, in order to explore specific issues which arose during the course of the research. The 
range of monument types to be examined was left open to enable the examination of similar stone 
types in a number of different monuments dating from different time periods, therefore allowing 
useful evaluation and comparison of the different weathering forms and processes found. The field 
and laboratory evaluations and analyses were designed to be applicable to any stone monument, of 
any historical period, and of any stone type. 
 
4.2 Background to the Issues 
 
Prior to examining the impact of coastal erosion and coastal change processes on stone 
monuments, it is first necessary to briefly examine the main relevant issues. This section outlines 
the causes and processes of coastal erosion and changes in relative sea-level, and how predictions 
of global warming for the twenty-first century may have implications for the preservation and survival 
of coastal heritage. This section also opens up the issue of the significance of different coastal types 
in relation to the survival of monuments, with comparisons and discussion through selected 
coastlines on the east and west coasts of Ireland. These then form the background for an evaluation 
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of the current condition and threats posed to the case study monuments given further in this 
chapter. 
 
4.2.1 Coastal Erosion – Causes and Processes  
  
Coastal erosion can be defined as the landward movement of a shoreline resulting from a loss of 
sedimentary or rocky substrate from the inter-tidal and foreshore zones (Viles & Spencer 1995). 
Coastal erosion is the result of a combination of a number of factors including changes in relative 
sea level, the intensity of wave action, tidal amplitude, the frequency of storm events, patterns and 
alterations to sediment distribution along the coastline, and the composition of the shoreline 
(Trenhaile 1987, Bray & Hooke 1997, Clayton et al 2003). Coastal erosion can be reduced or 
accelerated by natural and artificial changes to sediment distribution (Trenhaile 1997) such as 
alterations resulting from land reclamation works, and mineral/aggregate extraction (Smith 1999).  
The process of coastal erosion tends to arise from a combination of causal factors including mean 
relative sea level, tide and weather (Pugh 2004). The relative importance of these factors alters from 
coastline to coastline, and from site to site according to local variables. For example, wave energy is 
generally higher on the exposed Atlantic coast of the west of Ireland, while low-energy waves are 
the norm of the more sheltered Irish Sea (Wood & Hoagland-Grey 1996, Boelens et al 1999). 
However, the impact of the low wave energy waves on the soft glacial shores of the south-east of 
Ireland tend to result in greater loss of land area than the impact of high-energy waves on a durable 
rocky shoreline on the west coast (O’Reilly 1901, Orford 1988, Ruz 1989, Trenhaile 1987 & 1997). 
The key control is the nature of the shoreline, and how agents of change act on that shoreline. 
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Rocky coasts have been subject to relatively little research in Ireland to date. They display erosion 
forms such as vertical profiles, caves, sea stacks, screes, potholes etc. These indicate that coastal 
erosion of rocky coastal units occurs over considerably long periods as a result of the detachment 
and removal of sections of stone (exploiting planes of weakness) under extreme wave action 
(Trenhaile 1997, Clayton et al 2003).  McKenna (1992) argued that the retreat of rock cliffs can be 
triggered by a number of marine and terrestrial causes, but that conventional terrestrial techniques 
using micro-erosion meters proved unsuitable for the measurement of the erosion of different 
lithologies on the coastline. McKenna ibid. recorded minor erosive processes including sub-aerial 
scarp recession, weathering along mineralised joints, abrasion and corrasion (particularly adjacent 
to cobble/gravel beaches), notching and undercutting on platform/cliff junctions and exploitation of 
sedimentary bedding and areas of structural weaknesses. 
 
The general findings to date in assessing coastal erosion in Ireland is that rocky cliffs are durable 
and do not require intensive research to the same degree as softer shorelines (Brady Shipman 
Martin 1996). Methods of assessing the historical and present vulnerability of types of Irish coastal 
areas to erosion have been developed (Forbairt 1996). However, they do not include methods for 
assessing the vulnerability of rocky coastlines.    
 
4.2.2 Changes in Sea-level 
 
The level at which the sea stands relative to land around the world’s coastline is determined by a 
number of factors. Global mean sea level is ultimately determined by the amount of water in the 
ocean; the temperature of that water; the volume of water stored in the Antarctic and Greenland ice 
sheets; the volume of water stored in non-polar glaciers; and the volume of water stored in natural 
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and artificial inland catchments, lakes and reservoirs (Beniston & Tol 2001, Solomon et al 2007). 
Global mean sea level is affected by the balance of evaporation and precipitation produced by the 
hydrological cycle, the effects of gravity within the earth-moon-sun system, winds, atmospheric 
pressure fluctuations, and also on the extent and configuration of the crustal depressions which 
contain the worlds oceans (Bird 1992). Sea-level is not constant, and fluctuates over a range of 
time-scales, from diurnal oscillation with the tides to fluctuations over geological time through 
tectonic (relating to the deformation of rocks in the Earth’s crust) and eustatic (worldwide changes in 
sea level) movements, or a combination of the two (Park 2007). Tidal fluctuations also vary in 
direction, duration, height and speed due to local factors such as coastline morphology, bathymetry 
(Park 2007) and weather conditions. Despite these natural fluctuations in sea-level outlined, mean 
sea level has historically been used as a constant datum by the Ordnance Surveys of Ireland and of 
the United Kingdom (Andrews 1997) and is still used in practice to the present day. However, 
indicators of past changes in sea-level can be found along the east coast of Ireland and throughout 
the globe.  
 
The past six thousand years are often considered a Holocene ‘stillstand’, a time when sea level 
remains constant (Mayhew 2004), where the relationship between land and sea level has remained 
relatively stable. Within this period, there have been local variations found globally with some coasts 
emerging or submerging.  Changes in the Mediterranean are most often attributed to tectonic 
upward or downward movements - as seen in the changes of sea level apparent at the Roman 
quarry of Andriake, Mediterranean Turkey (Fouache, Sibella & Dalongville 1999). The discoveries of 
the sunken royal quarter of Alexandria (Empereur 1999) submerged as a result of twenty-three 
earthquakes hitting the Egyptian coast between the years A.D. 320 and 1303 (Schuster 1999) show 
that inundation of the historic built environment can be brought about by a number of different 
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causes. These may include catastrophic events, long-term changes in a shoreline and alterations to 
the rate of coastal erosion. Traces of former shorelines have been found throughout the globe 
(Batchvarov 1999, Fouache, Sibella & Dalongville 1999) and have been previously noted on the 
east coast of Ireland (O’Reilly 1901, Synge 1977). 
 
In Ireland, the general pattern in recent history has been for the consistent loss of the coastline, 
especially in vulnerable areas such as the east coast with its eroding deposits of glacial drift where 
attrition of the coastline has tended to be slow and constant (O’Reilly 1901, Orford 1988, Ruz 1989). 
Previous studies (e.g. Synge 1977) have shown that glacio-eustatic sea-level changes during the 
last glacial climatic phase led to the global sea-level standing approximately 140 m lower than it 
appears now. The amelioration of Earth’s climate resulted in a rapid sea level rise averaging just 
over one metre per century between 18,000 and 6,000 years BP throughout the British Isles (Bird 
1992). The rise in relative sea level in the Irish Sea during this period has slowed from >36mm/year 
pre-6,500 BP, to varying increases from -8mm/yr to+12mm/year and reducing in the past 1000 
years to <2mm/year (Zong & Tooley, 1996). These figures illustrate the gradual submergence of the 
Irish coastline as an ongoing process (the case study in section 3.9.1 corroborates this process in 
an Irish context). Remnants of a submerged forest in the study area of Bray, Co. Wicklow 
radiocarbon dated to 6180 +/- 80 years BP (Bolton 2003) shows an example of the continuing 
process of erosion and gradual inundation of the Killiney Bay area. 
 
Current studies on climate change (Beniston and Tol 2001) concentrate on ascertaining the rate at 
which mean sea-level may rise. However, it is the resultant changes in tidal amplitude, especially 
ascending levels of the highest tides that will be of most relevance to the built environment. It is this 
maximum, rather than the mean, which may pose the greatest threat to built heritage along the 
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coastline. The maximum must also be considered in understanding the possible impacts of 
increased levels of storminess predicted for the twenty-first century. Tide table predictions do not 
always agree with observations due to the influence of storm surges caused by winds and 
atmospheric pressure changes. The temporary rise in sea level by up to several metres on a lee 
shore (Wood and Hoagland-Grey 1996), and the production of significantly high waves breaking 
upon the coast may result in dramatic losses of land and built heritage. Certain sections of the Irish 
coast have already been highlighted as being most at risk from coastal erosion (Forbairt 1996, 
Brady, Shipman and Martin 1997). However, as the case studies below will show, the number of 
coastal stone monuments at risk is not confined, and does not always correspond to previous 
identifications of shorelines most at risk form coastal erosion. 
 
4.2.3 Global Warming and Climate Change - Causes and Impacts. 
 
Climatic and sea-level change associated with the retreat of glaciers at the end of the last Ice Age 
dramatically altered the coastline of Ireland, submerging entire landscapes. Coastal change 
processes can also be dramatically affected by any alterations in sea-level, and by the frequency 
and severity of storm events. There is currently world-wide concern about the possible impacts of 
predicted models of climate change and resultant accelerated sea-level rise and alterations in 
precipitation, storm and flooding events resulting from increasing concentrations of greenhouse 
gases and other processes (commonly known as global warming). One of the objectives of this 
research is to investigate the degree to which Irish coastal stone archaeological monuments are 
vulnerable to the potential effects of climate change, and specifically to a rise in mean sea level. 
Before discussing the impacts of global warming, it is first necessary to outline global warming 
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research and the possible impacts globally, on the western seaboard of Europe, and specifically in 
Ireland. 
 
Existing global temperatures are maintained by a natural greenhouse effect, where the atmosphere 
retains heat by intercepting some of the solar radiation reflected back into space from the Earth's 
surface. The intensification of the natural greenhouse effect is being brought about by increasing 
proportions of atmospheric concentrations of gases such as carbon dioxide, methane and nitrous 
oxide. These increases are attributed to the growth of atmospheric pollution resulting from domestic, 
industrial and agricultural activities. Increased proportions in greenhouse gases make the Earth's 
atmosphere more opaque to reflected radiation, retaining a higher proportion of the solar energy 
received at the Earth's surface and resulting in global warming (Beniston & Tol 2001, Solomon et al 
2007). 
 
These changes in greenhouse gases are projected to lead to regional and global changes in 
temperature, precipitation, and other climate variables. Increases in the mean temperature of the 
lower atmosphere may cause an expansion of the volume of the near-surface ocean water and 
partial melting of the world's snowfields, ice sheets and glaciers, resulting in a world-wide sea level 
rise (Bird 1992). Increasingly, climate change scenarios are being used to postulate the impacts 
arising from possible increases in global mean sea level, and the possibility of increased incidences 
of storms and flooding, leading to potential impacts on ecosystems and human coastal 
infrastructure. However, though the different scenarios can present us with probable ranges of a 
global increase in relative mean sea level, local impacts of global warming are difficult to predict with 
any certainty. The scenarios take a broad global and continental scope, with statistical techniques 
used to downscale global prediction models to a finer resolution (Sweeney 2003). However, all 
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authors agree that there is a lack of certainty about local effects of climate change, and therefore a 
resultant lack of clarity of the impacts of climate change on the Irish coastal built environment. 
Before considering the effects of climate change on the Irish coast and on the monuments under 
consideration in this research, it is first necessary to review the most recent assessments on climate 
change in the twenty-first century. 
 
4.2.4 The Current Projections for the Twenty-first Century. 
 
Predictions of the rate and extent of sea level rise have developed over the years. Hoffman (1984) 
predicted a global sea level rise of 0.24-1.17 m by 2050, and 0.56-3.45m by 2100 with a most likely 
scenario of a one metre rise over the twenty-first century. The International Panel on Climate 
Change (IPCC) was established in 1988 by the United Nations to assess the scientific, technical 
and socio-economic information relevant to understanding the risk of human-induced climate 
change. In 1990, the IPCC initially predicted a global mean sea level rise of 20 cm by 2030 and 65 
cm (+/- 35) by 2100 (Bird 1992). A Second IPCC Assessment Report (Carter et al 1994), suggested 
an anticipated increase in temperature over the twenty-first century of 1–3.5°C. 
 
The third assessment (Beniston and Tol 2001) projected an increase in global mean surface air 
temperature of 1.5-6°C between 1990 and 2100 (Nakicenovic and Swart 2000), with an anticipated 
range of global sea level rise of between 14 and 80 cm, and a mid-range estimate of about 0.5 m. 
The fourth assessment (Solomon et al 2007) estimated the total twentieth century rise on global 
sea-level to be 0.17 m. Changes in the spatial and temporal patterns of precipitation are also 
predicted for the twenty-first century, resulting in increased frequency and severity of precipitation 
and storm events. The average rate of warming probably would be greater than any seen in the past 
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10,000 years, although the actual annual to decadal rate would include considerable natural 
variability, and regional changes could differ substantially from the global mean value (Nakicenovic 
and Swart ibid.).  
 
While theoretically, global atmospheric management could restore twentieth century climate 
conditions and return the sea to its present levels, meanwhile it is useful to consider the possible 
implications of global sea level rise during the 21st century. Forecasting possible and/or probable 
sea level increases in the selected counties of this research is complicated by factors such as land 
subsidence, changes in tidal amplitude and uncertainties as to the spatial variability of ocean 
surface topography and migrations of bulges and troughs in the region. 
 
4.2.5 The Implications for Ireland.  
 
The IPCC projected an annual sea-level rise of 5 mm/year (with an uncertainty range of 2–9 
mm/year) for Europe (Watson, Zinyowera and Moss 2001). However, apart from the expected 
increase in mean sea-level itself, there is currently little understanding of the possible interaction of 
different aspects of climate change in the coastal zone and how this will impact on the built 
environment. The impacts would vary from region to region and would depend on shoreline type, 
topography and local variables. The areas most at risk would include tidal deltas, low-lying coastal 
plains, beaches, islands (including barrier islands), coastal wetlands, and estuaries (Beniston and 
Tol 2001), and recent studies have reported that global trends are replicated in Ireland (Sweeney 
2002). Global climate change will alter many factors pertinent to the loss and decay of monuments 
on the Irish coast, including temperature and precipitation levels, humidity and alterations to species 
distributions. Sweeney (2003) discusses the scenarios and impacts for Ireland. His key findings 
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relevant to the deterioration of stone monuments in Ireland are increases in mean winter 
temperature by 1.5˚C by mid-century, with a further 0.5-1.0˚C increase by 2075, and increases in 
mean summer temperature to 2.5˚C by 2055, and a further increase of 1.0˚C by 2075 ; milder winter 
temperatures resulting in less freezing events; annual rainfall increased by 11%, rising to 20% in the 
north-west, with 25-40% decreases in rainfall in the summer months for the east and south of the 
country; and a prediction for a 0.49 m increase in sea-level. In addition, sudden 2.6 m rises in 
extreme water level will occur every 12 years on the west coast and once in a 100 years on the east 
coast, associated with a combination of storm events and high tides. However, while these figures 
provide a broad overview of the expected impacts, the details are constantly being revised as new 
information is becoming available. For example, summer precipitation is now expected to decrease 
by 10%, and winter precipitation increase from 10% in the south-east to 25% in the north-west 
((McGrath 2005). However, while the specific details of the predictions are being revised, the overall 
picture of warmer, drier summers, wetter milder winters, and more frequent and potentially more 
severe storm events remains. Temperature increases, the greater availability of moisture, and an 
increase in storm events have a number of potential impacts on the stability of historic monuments 
and their component materials. Warmer, drier summers allow greater potential for damaging heating 
and cooling cycling (Pavía & Bolton 2000, Kühnel 2002) to impact stone surfaces, though the milder 
winters reduce the potential risk from freeze-thaw action (this will be discussed in greater detail in 
Section 6.3.3). 
 
4.2.6 The Significance of Geomorphology as a Risk Factor for Coastal Erosion 
 
Assessing the nature and extent of shoreline changes is a vital step in examining threats to Irish 
coastal stone monuments. Alterations in relative sea level are not the only controlling factor in 
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determining the rate and type of changes of a shoreline. Local geomorphology is also a strong 
determinant in assessing the risk to coastal monuments.  The Irish coastline has been typically 
divided into “hard” and “soft” shorelines for the purposes of assessing coastal erosion (Brady, 
Shipman & Martin 1997). Soft coastlines are composed of glacial till cliffs and dune-backed 
beaches. Hard coastlines include rocky shorelines and artificial constructions such as harbours and 
sea walls. Counties Wicklow, Wexford and Galway under examination contain a wide variety of 
coastal landforms which can be sorted into hard and soft shorelines. The south-east coast of Ireland 
was chosen as a case study (see Section 4.2.6.1) due to the known history of coastal erosion and 
shoreline change in the region, and the significant presence of recorded archaeological stone 
monuments. 
 
Studies into shoreline change tend to concentrate on soft easily eroded coastlines. One of the 
common assumptions is that rock cliffs are very resistant to coastal erosion due to the cohesive, 
compressive and tensile strengths of the cliffs. O'Riain (1997) has suggested likely recession rates 
for different lithologies (Table 4.1). The implications of this table may suggest that conservation and 
study efforts are not required in areas where historic structures have been constructed on rocky 
shorelines adjacent to the coast. However, different rock types display widely variable properties 
with regard to durability and susceptibility to water-related decay processes. Table 4.1 is limited to 
only a few stone types, which are not representative of the range of stone types found in Ireland, 
and excludes many important types (Pavía & Bolton 2001). For example, chalk is only found to a 
relatively small section of the Ulster coast, while the greywacke and quartzite of north Wicklow is not 
represented. A continuing history of collapses on sections of the greywacke and quartzite cliffs at 
Bray Head, Co. Wicklow has resulted in the Dublin-Wicklow railway being moved inland on a 
number of occasions.  
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Likely Recession Rates For Different Lithologies 
Lithology Recession rate (m/year) 
Granite 10 -3 
Limestone 10 -3 - 10 -2 
Shales and Flysch 10 -2 
Chalk 10 -1 - 1 
Tertiary Sedimentary 10 -1 - 1 
Quaternary Sedimentary 1 - 10 
Recent Volcanic 10 - 102 
Table 4.1: Suggested Likely Recession Rates for Different Lithologies (after O’Riain 1997, based on Carter 1988) 
presenting Granite as an example of a durable shoreline, with Quaternary Sedimentary deposits (commonly found in 
the east and south-east of Ireland) as a vulnerable shoreline type showing 1-10 metres of loss in a single year.  
 
The ‘length’ of the coastline of Ireland is dependent on the scale at which it is measured. 
Consequently, different authors using different scales have arrived at different estimates as to the 
‘length’ of the coast of Ireland. For example. the coastline of Ireland was estimated at approximately 
7,800 km  by Stapleton (1996) while the majority of published studies to date (e.g. Forbairt 1996) 
have worked from an earlier estimate of 6, 500 km (see Table 4.2). Consequently, it is not possible 
to accurately compare the findings of these studies, though the estimated percentage of the 
coastline at risk is useful in providing an expectation of the condition of the coastline.  
 
The published risk to Ireland’s coastline from coastal erosion is based on desktop research 
comparing early edition ordnance survey mapping with contemporary aerial photographs (An Foras 
Forbatha 1974, Forbairt 1996). On the basis of photographic evidence, coastlines were classified 
"hard" for rocky shores, and "soft" for other types of shoreline. The degree of erosion was then 
estimated by comparing the shoreline shown in historical maps with contemporary aerial 
photography and estimating a rate of recession. However, this method is prone to error as 
nineteenth century ordnance survey maps are often inaccurate when mapping the coastline. This 
will be discussed in more detail in the context of risk assessment in the case study below on 
Carrigaholt castle, Co. Clare (Section 4.5.1). 
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Often in large scale regional coastal erosion such as the EU Corine project (Quellenec et al 1998), 
certain stretches of coastline are designated “hard” due to their rocky nature. The term hard rock 
cliffs can imply a degree of durability which the rocky cliff face may not display on closer inspection. 
Table 4.2 outlines likely recession rates for different lithologies. However these rates do not take 
into account local variations in durability and structural integrity of hard rock cliffs, or variation within 
the rock itself. These broad rates are not suitable for the examination of relatively small sections of 
coastline immediately associated with the survivability of coastal stone monuments. In these 
instances, a more tightly focused examination is required to determine any local faults, weaknesses 
or variations in composition of the cliff face which may impact on the survival of any adjacent coastal 
stone monuments.   In order to determine the information necessary to understand the impact of 
coastal erosion on ‘soft’ shorelines, a case study was undertaken on the coast of Counties Wicklow 
and Wexford (Section 4.2.7). 
 
4.2.7 Case Study: The Coast of Counties Wicklow and Wexford 
 
This case study area was selected to identify new coastal archaeological monuments, determine 
any decay processes affecting their survival. The south-east coast of Ireland comprises the 
coastlines of counties Wicklow and Wexford which contain a varied shoreline geomorphology 
resulting from differential marine erosion through a history of transgressive and regressive 
movements of the sea in post-glacial times. The coastline of the south-east of Ireland appears in the 
form of unconsolidated glacial till cliffs and headland-bounded dune backed embayments, 
punctuated by harder rock promontories. The shoreline of the survey region within this coastline is 
bounded to the north by the granite of Dalkey Head and to the west by the ria of Waterford harbour. 
The rocky promontories are of a variety of rock types, often of igneous and metamorphic origin, with 
granite occurring at Carnsore and gneiss at the Saltee islands off south Wexford (Synge 1977). 
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Significant rock types exposed along the coastline include granite, quartzite, greywacke, schist, 
siltstone, slate, and mudstone (McConnell 1994, McConnell & Philcox 1994, Tietzsch-Tyler & 
Sleeman 1994). The inter-tidal area of the south-east of Ireland is composed of a variety of littoral 
and sub-littoral habitats associated with the underlying geology, relative low wave energy and the 
tidal characteristics of the region. 
 
County Length Island coastline Total % of national coastline  
(6, 500 km) 
Length of 
coastline at risk 
Wicklow 61 km 0 km 61 km 0.95% 43 km 
Wexford 246 km 18 km 264 km 3.8% 100 km 
Galway 743 km 217 km 1091 km 15.65% 170 km 
Table 4.2: Comparative Lengths of Coastlines under Study (based on Bord Failte Eireann/An Foras Forbatha 1973, 
1974). 
 
Glaciation has been one of the major formative processes of the region with quaternary 
sedimentation mainly associated with glacial action dominating large sections of the coastline 
(Synge 1977). Extensive stretches of these unlithified glacial till cliffs ranging from 5 to 60 m in 
height are found in Co. Wicklow at Bray, from Greystones to Wicklow town and extensively in east 
Co. Wexford south of Cahore Point. The glacial till cliffs are often fronted by a highly mobile shingle 
beach with particle sizes ranging from pebble to cobble. Shoreline changes in these glacial cliffs 
occur as a result of their composition, the dynamics of sea-level change (see section "Changes in 
Sea Level" below) and regional variations in sediment supply.  
 
The Irish Sea is a shallow shelf sea generally less than 60 m deep. Waves decline progressively in 
height northwards through the Irish Sea, with median deepwater wave heights in the order of c.1.6m 
with extreme wave heights of 5 - <9m.  This eastern coast of Ireland experiences approximately 
20% of the wave energy recorded on open Atlantic coasts (Orford, 1989; HMRC, 1998). The Irish 
Sea is characterised by its strong and variable tides with tidal amplitudes ranging from 1.75 m at 
Carnsore Point, Co. Wexford to 8 m on the Lancashire and Cumbrian coasts of the United Kingdon 
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(Boelens et al 1999). The area has an annual rainfall of 1,400 mm with the majority (898 mm) falling 
between October and March, and average winter and summer temperatures of 5.0ºC to 6.5ºC and 
14.5ºC to 15.5ºC respectively, and subject to prevailing south-west winds, occasionally reaching 
Force 6 or more on the Beaufort scale (Rohan 1986). Storms pose particular threats, as storm 
surges may temporarily increase the heights of tides above the normal range, and in addition to this 
wave heights are typically higher during storms. Maximum storm surge induced increases to sea 
level have been estimated as between 0.75m and 1.25m for the east coast of Ireland. The region is 
relatively sheltered from the effects of Atlantic storm fronts, with maximum individual wave heights 
for storms within any 50 year interval modelled to be in excess of 7 m, (Kirk McClure Morton 1996). 
Inshore wave conditions for the region produced by annual storm events show wave heights ranging 
between 1.56 – 3.47 m (Wallingford 1992). 
 
4.2.7.1 Coastal Erosion on the South-east Coast of Ireland 
 
Coastal erosion on the south-east coast of Ireland is reflected in historical documents. References 
to historical occurrences of coastal erosion are widely scattered through the literature. Kinahan 
(1879:195) notes: 
 
 “On January 3 1877…….  very high tide, which along the Wicklow coast was accompanied by a very 
moderate wind. This did considerable damage to the Dublin and Wicklow Railway between Greystones and 
Wicklow; not so much by direct force of the waves as by their height, they flowing over the line, and the 
overflow cutting into the land side of the embankment, thus gradually eating out the breaches”. 
 
Previous studies on coastal erosion in east Wexford (Eolas 1992, Brady, Shipman and Martin 1997, 
O'Riain 1997) has shown that the county suffers from significant levels of coastal erosion (Table 
4.3). Carter (1990, 1991) estimates that erosion on soft glacial till coasts may increase by up to 15-
20% in the twenty-first century. In areas of rock cliff,  lower overall rates of erosion tend to be found 
and recession is based on locally dominant variables such as the bedrock type.  Carter (1991) also 
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notes that even minimal increases in mean sea level rise would increase the frequency of 
significant storm events, the present 1:100 year storm events becoming 1:33, 1:11 and 1:2 under 
different sea level rise scenarios. 
 
The south-east coast of Ireland is largely composed of recent Quaternary sediments (Tietzsch-Tyler 
& Sleeman 1994), mainly of glacial origin. These typically appear as marshland or as low cliffs 
composed of soft sediments.  Large areas of coastal Wexford would be below present sea level but 
for the presence of these glacial sediments (McConnell 1994a). Glacial sediments are easily 
eroded however, and this has resulted in significant and continuing loss to coastal built heritage. 
The differing rates of erosion experienced along sections of the Wicklow and Wexford coastline are 
as a result of differences in sediment and structural characteristics (O’ Riain 1997) interacting with 
tidal movements and storm events. Historical shoreline changes in east county Wexford (Fig. 4.5) 
shows that the pattern is not one of simple continual retreat, but of alternating periods of erosion, 
collapse, sediment build-up and then erosion again. Survey work in Bray, Co. Wicklow (see Section 
4.4.1) shows that the shoreline is in a continual state of flux which is extremely damaging to 
buildings located close to inter-tidal areas. The literature does record instances of buildings lost 
through coastal erosion (Kehoe 1972, Cleary 1990, Clements 1999). O'Reilly (1901) notes 
nineteenth century losses of 1.5 m/year at Saint Patrick’s bridge, Co. Wexford and 0.5 m/year at 
Bannow Bay, Co. Wexford. Devoy (1992) estimates coastal erosion rates on the south-east coast 
of Ireland as follows:  
 
Site Type of Shoreline Erosion Rate 
m/year 
Type of record Period of 
measurement 
Kiliney, Co. Dublin Boulder clay cliff 0.39 
 
OS Maps, aerial 
photographs 
1937-1975 
 
Kiliney, Co. Dublin Boulder clay cliff 0.47 
 
Ground Survey 1971-1972 
Greystones, Co. 
Wicklow 
Boulder clay cliff 0.18 
 
OS Maps 1838-1937 
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Greystones, Co. 
Wicklow 
Boulder clay cliff 0.89 OS Maps, aerial 
photographs 
1937-1973 
Blackwater, Co. 
Wexford 
Glacial sands and 
gravels 
0.80 OS Maps 1840-1925 
Blackwater, Co. 
Wexford 
Glacial sands and 
gravels 
1.15 Ground Survey 1980-1990 
Rosslare Strand, Co. 
Wexford 
Boulder Clay 0.30 OS Maps 1840-1925 
Carnsore Point, Co. 
Wexford 
Gravel 2.01 Ground Survey 1978-1981 
Western and 
Northern Ireland 
Rock, cliffed <0.001 OS Maps, aerial 
photographs 
1837-1957 
Table 4.3: Estimates of Coastal Erosion Rates on the South-east Coast of Ireland (after Devoy 1992) 
 
The loss of a building or complex of buildings through coastal erosion processes may leave no 
surface trace at the site. A number of sites identified during the literature review could not be 
located during subsequent fieldwork.  Cleary (1990) notes the destruction of a terrace of cottages in 
Greystones, Co. Wicklow at the turn of the twentieth century. Diver and inter-tidal surveies carried 
out on the site in August 2000 revealed no trace of the buildings exposed in the foreshore, littoral or 
sub-littoral areas. Coastal erosion has also resulted in the inundation of the town of Rosslare Fort at 
the mouth of Wexford Harbour (Kehoe 1972) and the destruction of the Rosslare peninsula (see 
Section 4.4.2). The town of Bannow in south Co. Wexford was also inundated and destroyed by 
coastal erosion (Lewis 1837). 
 
4.2.8 Case Study: The Coastline of Connemara, Co. Galway 
 
The west coast of Ireland is commonly considered less susceptible to the effects of coastal erosion 
than the east coast as it is largely composed of hard stone types. However, when local 
geomorphology and the prevailing environmental conditions are considered, coastal erosion issues 
become more complex, and certain local areas of a “hard” durable coastline can show potential for 
significant loss. 
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The coastline of Co. Galway is 743 km long with another 217 km of island coastline comprising 
15.65% of the national total (Bord Failte Eireann/An Foras Forbatha 1974). County Galway contains 
a long irregular indented coastline with many islands, bays and inlets which provide a degree of 
shelter from prevailing south-westerly winds and high-energy Atlantic waves. Mean wind speeds at 
Irish west coast stations average 5.8 m/sec during the summer and 7.4 m/sec for the winter months 
(Boelens 1999). Tidal heights in the open Atlantic have an approximate amplitude of 0.5 m. 
However, these increase as they approach the coast and are accentuated by the funnelling effect of 
bays and estuaries resulting in average tidal ranges of 2-4 m on the west coast. The shore is 
composed of complex geological formations, and the rock types exposed on the Galway shoreline 
are of a wide variety of origins including limestones, granites and granitic rocks, quartzites, marbles, 
schists, gneisses and other volcanic and igneous rock types (Leake & Tanner 1994, Morris & 
McDermot 1995).  
 
The inter-tidal areas of Connemara are composed of a variety of low and high energy littoral and 
sub-littoral habitats with rocky shores and cliff faces punctuated by small sandy beaches 
predominating in many areas.  The type of zone found is related to the shoreline type, rate of 
erosion of that shoreline, and the wave strength and prevailing sea conditions of the area. Recent 
studies show that the higher wave energies experienced on the west coast cause a significant level 
of coastal erosion (Forbairt 1996). Wave height changes seasonally - averaging 2 m directly off the 
shore for 25% of the year, with 40% exceeding 4 m in height during December and January. Storm 
events and accompanying surges, caused by wind and atmospheric pressure piling water up on the 
coast, can create wave heights of 15-20 m.  Storm surges in a 1-in-50 year storm can cause a 
temporary increase in sea-level by up to 0.75 m (Wood & Hoagland-Grey 1996, Boelens 1999), with 
extremes of up to 2.5 m expected once in a hundred years (Sweeney 2003). Extreme sea 
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conditions are difficult to predict and are dependent on tidal conditions, shoreline topography and 
the speed, direction and duration of the wind. However, the complexity of interactions between 
environmental conditions and the local geomorphology of a region is a vital factor to be considered 
in the assessment of vulnerability to coastal erosion. 
 
4.2.8.1 Coastal Erosion on the West Coast of Ireland 
 
The coastline of Co. Galway suffers from erosion induced by storm events. The coastline also 
suffers from loss of material through tidal action. The erosion of the Galway coastline averages 0.2 
m/year with a maximum of 0.4 m occurring at Barna (Wood & Hoagland-Grey 1996). Co. Galway 
contains 185 km of “soft” coast composed of low glacial cliff, sand, mud and shingle of which 
approximately 170 km are considered to be at risk from coastal erosion (Forbairt 1996). Particular 
areas of the coastline such as Aughinish island have recently been identified by the Department of 
the Marine as of immediate concern from coastal erosion. Aughinish island is immediately adjacent 
to Ballyvaughan, Co. Clare - an area heavily affected by coastal erosion with maximum recorded 
erosion rates of a 1.5 m/year (Wood & Hoagland-Grey 1996).  There have been few references in 
the literature to the effects of coastal erosion on either the built or natural heritage in Co. Galway. 
Dunraven (noted by Kinahan 1879) referred to the recent collapse of large sections of a castle on 
the shoreline of Inis Mor on the Aran Islands. However, both historical and more recent references 
to losses of coastal monuments tend to note isolated occurrences and record the fact of loss, but do 
not analyse the causes responsible for, or evaluate the risks associated with these facts. 
 
 
 
4.3 An Evaluation of the Impact of Coastal Erosion on a Sample of Stone Monuments  
found on “Soft” and “Hard” Shorelines 
 
 One of the contentions of this study is that previous coastal surveys (e.g. Bord Failte and An 
Foras Forbatha 1973,Forbairt 1996) may be of limited relevance to the evaluation of threats to 
coastal monuments, and that categorisation of a shoreline into “hard” or “soft” is overly 
simplistic for an accurate assessment of the risk to a stone monument. Even in the case of 
previous coastal erosion surveys, the evaluation of large stretches of coastline may not be 
indicative of the threat to the relatively small sections of coast adjacent to a stone monument. A 
stone monument comprises a “hard” point with a “soft” shoreline (Bird 1992), forming a focus 
for more intense erosion on a stretch of coast which may not appear to be receding when 
evaluated at a large scale. Conversely, a stone monument built on a rocky shoreline, normally 
considered hard and durable, may be subject to local failures (such as cracking and 
deterioration of the bedrock below the monument) which can pose a significant risk. 
 
Thirteen “Case Study” sites were selected from the database of all monuments surveyed as 
part of this study to evaluate any threats and observable processes of deterioration affecting 
stone monuments located on “soft” and “hard” shorelines (Table 4.4). The monuments were 
selected on the basis of shoreline type (“hard’/”soft” after Bird 1992, Quellenec 1998), location 
at the high water mark, comparable building types (all are medieval and post-medieval 
masonry structures, and nine of the thirteen monuments are tower houses), and comparable 
fabric (all sites were built using traditional stone masonry techniques using two outer masonry 
faces bonded by a mortar and rubble wall core). The objective of the case studies was to 
describe the surviving extent of the monument, to note the current condition and the processes 
and/or forms of decay, and to evaluate how decay or deterioration was related with the 
underlying “hard” or “soft” shoreline.  
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“Soft” Shorelines “Hard” Shorelines 
No. Site No. Site 
1.  Bray, Co. Wicklow 1.  Carrigaholt Castle, Co. Clare 
2.  Rosslare Fort, Co. Wexford 2.  Old Head of Kinsale, Co. Cork 
3.  Ballinskelligs Castle, Co. Kerry 3.  Castlehaven Castle, Co. Cork 
4.  Belvelly Castle, Co. Cork 4.  Castlecove Castle, Co. Kerry 
5.  Shippool Castle, Co. Cork 5.  Ahamore Abbey, Co. Kerry 
6.  Wicklow Town, Co. Wicklow 6.  Ballemicro, Castle, Co. Galway 
  7.  McSwyne’s Castle, Co. Donegal 
Table 4.4: Case Study Sites to Illustrate the Process[es] of Deterioration Found to Archaeological Stone 
Monuments on “Hard” and “Soft” Shorelines. 
 
The case studies allowed the detailed examination of all the impacts and deterioration of both 
the shoreline and each stone monument, and how proximity to the coastline affected the rate 
and severity of deterioration on “hard” and “soft” shorelines. The case study at Bray (Section 
4.4.1) was slightly larger in scope as it considered a number of damaged and disrupted 
structures within a defined area over a four year period, rather than a single structure; 
examined at a single point in time in order to better understand the processes of deterioration 
at work.  The specific objectives of each case study were to: 
 
• Identify and evaluate built structures of archaeological significance located in the littoral, 
sub-littoral and supra-littoral zones and determine their surviving extent. 
• Assess the key change processes to both the built structures and the immediate area. 
• Identify the most damaging processes of change to built structures located in the littoral 
and supra-littoral zones. 
 
4.4 An Evaluation of a Sample of Stone Monuments on “Soft” Shorelines 
 
4.4.1  Case Study - Bray, Co. Wicklow  
     
The detailed survey of the north strand of Bray was undertaken over a 4 year period (1998-
2002), and as part of this research uncovered a significant number of stone buildings, as well 
as a submerged palaeolithic forest (Bolton 1999, 2003). The area contains traces of over two 
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centuries of building along a shoreline under constant risk from coastal erosion, with abundant 
evidence for the historical submergence of the shore, and the inundation and destruction of 
built and natural heritage therein. The aim of the study of this spatially defined area of coastline 
over a four year period was to allow a thorough understanding of the nature and complexity in 
understanding, recording and monitoring the coastal built environment and the processes of 
decay, disruption and destruction of a resource under aggressive and changing environmental 
conditions. Survey work during 1998-2002 took the form of a full drawn survey of a 400 X 100 
m section of coastline including the littoral, sub-littoral and supra-littoral zones. The survey area 
was drawn at a scale of 1:200 in 1998. The area was then inspected every three months for a 
period of four years and changes recorded. 
 
4.4.1.1 Geomorphology of the Bray Area 
 
In order to identify the factors influencing 
erosion patterns and processes in an area, it is 
a fundamental necessity to first examine the 
environment and its geomorphology - including 
the nature of the shoreline, the bedrock and 
quaternary geology of the area, the range of 
sea conditions and relevant meteorological 
factors. The survey area is located in the 
southern half of Killiney Bay.   
Fig. 4.1:  The Bray Case Study Area 
 
The bay is bordered by the relatively resistant headlands of the intrusive granite and associated 
rocks of Dalkey Head to the north, and by the quartzites, greywackes and other rock types of 
Bray Head to the south. Within these rocky headlands, the coast is composed of glacial till cliffs 
averaging 10 - 15 m in height, which under wave and sub-aerial erosion leave a small gravel-
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cobble and sand element on the beach, while the fine sediment is removed offshore. The 
shoreline is bordered on the landward (western) side by the modern Dublin to Wexford railway 
line, golf courses, and improved agricultural grasslands. The composition of this cliff was 
characterised (Synge 1977) as being composed of unconsolidated clays and sand originating 
from the midlands of Ireland and deposited by glacier retreat. The cliff face is ‘live’, a coastal 
engineering term meaning the cliff face undergoes frequent change and is liable to slip. The 
cliff is angled usually between 60 and 90 degrees and is usually either undercut by scour, or 
has a low head of weathering detritus (Fig. 8.3).  
 
Examination of the beach area north of the river Dargle at Bray, Co. Wicklow shows that it is 
characterised by a gently sloping beach covered in a glacial deposit of boulders, cobbles and 
pebbles over a sand-shingle substrate. The boulder, cobble and pebble material is generally 
composed of a wide variety of rock types found in the south Dublin/north Wicklow area. The 
rock types found on the beach are largely composed of material from Dalkey Head to the north 
and Bray Head to the south as well as occasional material from further north and south along 
the coast. The coarser material trends southward with finer material found at the northern end 
of the bay. This pattern is repeated on a smaller scale in the area south of Bray harbour. The 
mixed sand-shingle material has been naturally sorted with coarser material at the top of the 
beach and the finer sands exposed at low water periods. 
 
The tides of the area generally flood to the north and ebb to the south running essentially 
parallel with the coastline. Offshore, the tide turns approximately one hour before high and low 
water although this change occurs earlier close inshore. Longshore drift in the area is generally 
from south to north and has been previously estimated at 126,000 m3 of material per annum 
(Kirk, McClure & Morton 1996). Inspection of the bathymetric contours recorded on Admiralty 
charts shows that the 5 m contour is almost rectilinear for most of the coast between Wicklow 
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Head and Dalkey Head suggesting a consistent shoreface corridor for sediment transport along 
the coast. The tidal currents of the area remove nearshore sediments and the resultant 
ebb/flow systems generate the major linear sandbanks characteristic of the southern Irish Sea 
(Carter 1993). 
 
The beach area around Bray, Co. Wicklow is highly dynamic with large amounts of sand and 
cobbles being transported leading to scour and undermining of structures and artefacts located 
in the foreshore. Bray has suffered from strong historical coastal erosion. The area is 
particularly prone to damage during high tides and high wave energy during easterly storms.  
This area of the coast suffers from ongoing coastal erosion of greater than 0.5m per annum 
(Eolas 1992), with the most damaging storms coming from an easterly or south-easterly 
direction (Kirk McClure Morton 1996). 
 
4.4.1.2 The Coastal Built Environment at the North Strand of Bray 
 
The small medieval town of Bray developed away from the coast, at the lowest fording point of 
the river Dargle centered on the castle of Walter de Ridelsford (Price 1954, Davies 1998). 
Historical maps of Bray show the coastline in the area to have been largely undeveloped until 
the nineteenth century. The first edition Ordnance Survey map of 1838 shows early 
development of the seafront with the construction of three martello towers, a coastguard 
station, a gate lodge and approximately forty cottages. Only two of these buildings, the gate 
lodge and a single martello tower have survived coastal erosion and shoreline development 
during the nineteenth and twentieth centuries. 
 
The area south of Bray harbour has traditionally been the focus of coastal building in Bray, and 
has been the focus of coastal protection work in the area from the nineteenth century to the 
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present day. A hydrographic survey of the area by the British Admiralty in 1875 shows the 
beach area towards the foot of Bray Head to the south as twice that of the northern end of the 
beach near the harbour.  Since the construction of the harbour from 1894-6 (Suttle 1989), 
beach levels in the Bray area have dropped steadily by 3m necessitating repeated repair 
works, including toe protection to the esplanade in the 1920s, 1940, 1954, 1979 and c.2000-
2002 (Kirk, McClure & Morton 1996). Study of the south beach area for this project was 
curtailed by the onset of coastal protection works (2000-2002), and thus, the research was 
concentrated on an examination of the north strand area. 
 
The beach north of Bray harbour has experienced extensive loss through coastal erosion. After 
early attempts at coastal protection in the north strand failed (Kinahan 1879), the area was 
largely abandoned, allowing almost a century of undisturbed coastal erosion processes on the 
coastal built environment. Losses to the shoreline on the north strand have been previously 
estimated (Devoy 1992) at 0.47 m per annum. The north strand area of Bray shows extensive 
built remains located in littoral and sub-littoral environments.   The most substantial remains 
derive from the Dublin and Wicklow Railway Company. The area contains the remains of an 
early railway embankment, a bridge constructed between 1840 and 1854 by the Dublin and 
Wicklow Railway Company (Murray 1989) and the gate lodge noted earlier. These built 
structures are now located in the littoral zone of the beach. 
 
4.4.1.3 Changes to the Shoreline 1840-1998 
 
In 1840, the shoreline of the north beach was largely undeveloped. The threat of Napoleonic 
invasion had prompted the construction of Martello Towers numbers 2 and 3 to defend the 
mouth of the river Dargle as part of the southern extent of a chain of coastal towers built from 
c.1804-1806 (Clements 1999). Contemporary paintings and drawings indicate that the area 
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was also used as a local port with ships beaching on sandbars at the mouth of the Dargle to 
offload goods for the town of Bray located approximately 500 m upstream (Suttle 1989). The 
Ordnance Survey of 1843 also indicates a boat house, removed sometime prior to 1870. 
 
By 1870, the railway had been constructed, running along the coast and inshore of Martello 
Towers numbers 2, 3 and 4. A gate lodge had been constructed at the beach, but the area was 
still largely underdeveloped. Coastal erosion is noted in contemporary literature, necessitating 
early coastal protection measures to the south beach. Early prints of the strand area show 
coastal protection structures in place during the 1860s (O’Sullivan, Dunne, and Cannon 1989) 
culminating in the construction of the Bray Esplanade in 1884 (Cox 1992). 
 
In addition to the remains of the Dublin to Wicklow railway, a range of other buildings were 
formerly located on the north strand area, including Martello Towers Nos. 3 and 4, built above 
the high water mark on the glacial till cliffs. Visits were made to the National Archives of the 
United Kingdom to examine Board of Ordnance drawings from 1830/31, 1848-1852, and 1862, 
and Ordnance Survey maps from the Map Library, Trinity College Dublin to determine the 
nature and historical changes to Martello Towers No.3 and 4.  
 
Martello Tower No. 3 at Corke Abbey was built at the top of a low cliff made up of soft glacial 
‘tills’ to defend the entrance to the River Dargle and the adjacent shoreline.  The positioning of 
the tower was a military choice that was to prove expensive to build and maintain, as the soft 
shoreline was vulnerable to coastal erosion. The original estimates of costs dated 30th June 
1804 recorded “the one near Old Cork being obliged to be erected near the high water mark & 
therefore requiring more attention in the foundations, the additional sum is stated as £800” (WO 
55 831) and in 1815 another £252 was needed to build a curved breakwater “to prevent the 
encroachment of the sea” (WO 55 835).Storm damage in reported in the ‘Freeman’s Journal” 
 102   
 
 
 
newspaper on the 29th October 1864 left the tower “found shaken … The foundation, having 
been sapped by the seas running in along the coast during the recent gales. It is considered to 
be in an unsafe state”. The tower is shown in position and armed with a cannon in Heffernan’s 
‘illustrated map of Bray’ in 1868, and the tower is reported as having collapsed c.1870 and the 
stone salvaged for re-use in the Workingmen’s Home in Bray (Liam Clare pers. Comm.). 
 
Martello Tower No. 4 at Magharagh Point in Killiney Bay was formed by two batteries flanking a 
Martello tower. The tower was constructed on the top of unconsolidated glacial till cliffs which 
stretch from Killiney to Bray. The earthwork defences were being eroded in the 1820s (Turner 
1987), and drawings of  the 1850s show that both north and south batteries had lost sections at 
the cliff-edge. The 1831 Board of Ordnance drawing records the position and layout of the 
single gun emplacements to the batteries and guardhouses which flanked the tower to north 
and south. The tower was reported as sold in 1853, and marked as “Martello Tower (Disused)” 
in later Ordnance Survey maps, and is indicated in paintings, engravings and photographs from 
1860 to 1910. The tower is lost sometime between the Ordnance Map survey editions of 1912 
and 1937, but the exact date is unknown.  
 
In a photograph from the Laurence Collection (from the National Library of Ireland ) c.1890 
(Fig. 4.2), the gate lodge noted on Heffernans 1870 map of Bray (Davies 2000) appears as a 
single-story lime-washed pitched roof dwelling. No trace of Martello Tower number 3 can be 
seen, and the south beach area has been extensively developed including the construction of 
martello terrace and the promenade through reclamation of the foreshore which previously 
extended to the foot of the rocky hill on which Martello Tower number 2 was built. 
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Fig 4.2: Comparison of Bray Gate Lodge c.1890 (left), and 1999 (right). 
 
The construction of Bray harbour was officially completed c.1895 (Cox 1995), ending the 
practice of ships beaching themselves on the sandbars of the north strand to unload goods. The 
rate of coastal erosion to the north strand appears to have increased as a result of the 
interruption in longshore sediment transport by the presence of the harbour. Beach levels 
dropped suddenly exposing a submerged forest (Bolton 1999, 2003), and also accelerating the 
rate of coastal erosion. Experiments with coastal protection measures had been occurring since 
the 1870s (Kinahan 1879) resulting in the construction of dry stone breakwaters, and timber and 
metal groyne systems. However, these measures were unsuccessful, resulting in the 
abandonment of the railway embankment in 1916-1917 (Murray 1989) and the construction of a 
new railway line inland. At this time, the gate lodge stood at the top of the beach and a series of 
adjacent fisherman’s cottages were observable in the 1920s (E. Ledwidge pers comm). The 
area between the new and the old railway embankments consisted of marshland and was used 
as a landfill site for Bray. The north strand seems to have been largely abandoned after this 
period, other than the construction of some industrial units to the north side of the harbour in the 
1970s and 1980s. 
 
4.4.1.4 Changes to the Shoreline 1998-2002 
 
Monitoring of north strand area monitored (every three months over a four year period) 
revealed a range of minor changes to the structures, enabling an in-depth understandings of 
 
 
 
the processes and seasonality of decay at the coast. The extent of shoreline recession is 
shown in Fig 4.3.  
 
Fig 4.3: Overlapping Map of Changes to the North Strand 1843-1999. 
 
A series of underwater and low-tide surveys showed that a stone masonry railway 
embankment extends approximately 3 km between Kiliney and Bray. This structure is normally 
submerged except for its southernmost 700 m which is exposed during low water periods. The 
embankment is constructed of a granite ashlar seaward façade surviving normally in height 
from 0.5-1.5 m to a maximum of 2.0 m, on a greywacke foundation with a concrete rubble core. 
Evidence of the late nineteenth century coastal protection work noted as unsuccessful by 
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Kinahan (1879) is also visible including mass concrete toe protection, iron and timber groynes 
and a boulder breakwater.  
 
During the period 1998-2002, beach levels steadily dropped, exposing courses of granite 
masonry buried in the sandy substrate in both the underwater and inter-tidal areas, and 
revealing the greywacke foundations of the embankment. The masonry is bonded with a lime-
based mortar appearing to be very strong or eminently hydraulic. Sections of the masonry 
tended to collapse suddenly during storm events, whereas dry jointing and the loss of 
individual stone units and structural cracking tended to be rare. 
 
A section of the landward side of the embankment survives in the form of a dry stone wall 
composed of greywacke rubble masonry. Ongoing erosion of the upper beach over the four 
year period exposed the wall initially during 1998. Examination in 2003 showed that the upper 
courses have been lost with only the lower two courses surviving - bonded with a clay fill acting 
as a crude mortar. The substantial rubble masonry units are subject to corrosion, the erosive 
action of particles carried by ice, water, or wind (Mayhew 2004), and displacement by the 
action of the highly mobile cobble-boulder element found to the top of the beach. 
 
In 1998, only the eastern elevation of the single-storey lime-washed pitched-roof gate lodge 
seen in the Laurence Collection photograph c.1890 survived.  The wall stood at the high water 
mark to a maximum height of approximately 2.2 m. The exterior render was no longer extant 
and the coursed random rubble masonry fabric was exposed. With the drop in beach levels 
1998-2002, the lower part of the surviving elevation was exposed - revealing a slight base 
batter and clearly showing the cut stone splayed granite jambs of a window opening. The 
original lime-based pointing mortar could be seen in situ, however all traces of the original lime 
render and limewash had been lost. Newly exposed sections of masonry at the northern extent 
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of the wall were exposed and rapidly collapsed. The landfill backing and supporting the wall is 
rapidly eroding and the surviving remains are not expected to survive in the short-term. 
 
The Dublin to Wexford railway follows the coastline in north Wicklow, but has been moved 
inland at, Bray Head, and Greystones due to the threat from coastal erosion, and was finally 
abandoned on the North Strand in 1916-1917 (Murray 1989). The original railway embankment 
is normally completely immersed, though the southernmost 700 m are exposed during low 
water periods. Its location within the inter-tidal zone subjects the granite ashlar masonry to 
diurnal wetting and drying cycles, as well as water abrasion and corrasion. The embankment is 
made up of a rubble-filled wall faced with dressed granite blocks of varying dimensions.  The 
surveyed section has been buried to an unknown depth by sand deposited on the beach by the 
sea. Due to the effects of tide and surf, there is little marine growth on the remaining heavily 
decayed structures.  The upper portions of the wall are not in evidence, and there are cut-
stone granite blocks lying loose on the sand in the area. The specific decay forms affecting the 
granite facing stones were physical abrasion, cracking and scaling.  The mortar is heavily 
eroded, and this section of embankment is in a state of collapse. The masonry shows rounded 
and polished edges as a result of water abrasion and corrasion, but shows relatively little 
biological colonisation. The rubble core of the embankment no longer survives in most cases 
and the granite ashlar which is normally exposed to a height of 0.2 – 0.9 m and is subject to 
alternating periods of exposure and reburial as beach levels fluctuate in the area. 
 
The area surrounding the railway bridge was carefully surveyed. The bridge was built to 
provide access to the beach area, which shows alterations to the line of the railway 
embankment sea wall and to the dry stone breakwater - possibly to provide access to ships 
unloading on the beach area prior to the construction of the harbour c.1895. The bridge in 
1998 appeared as two free-standing walls surviving to their full height though the arch had 
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collapsed. The bridge was originally protected by a boulder breakwater which still survives in 
the littoral zone. A structural crack was noted to be forming in the northern wall during 1998 as 
the base of the bridge was undercut by the movement and scouring of the beach substrate 
from the foundations. The main structural crack was monitored during 1999 and 2000 as the 
feature progressively widened while other structural cracks began to appear. Due to structural 
damage, the northern section of the railway bridge collapsed in January 2001 as the 
foundations were undermined during a storm event. A section of railway bridge of similar date 
on the coast in Greystones, Co. Wicklow, five kilometres south of Bray, also collapsed in 
January 2001 during the same storm event. The eastern half of the southern section of the 
bridge collapsed in November 2003.  
 
The remains of a series of fishermen’s cottages and substantial remains of the railway and 
associated structures were visible during low tides in the 1920s (Evelyn Ledwidge pers. 
comm.) but were not marked on Ordnance Survey maps of the coast. Fieldwork in the inter-
tidal area located scatters of floor tiles and a timber cruck frame from one of these buildings. 
Diver survey of the submerged area of the site in 1999 revealed no trace of the brick and stone 
walls of these buildings (Bolton 1999). However, ceramic building material, roof slate and 
traces of cut stone architectural elements were often found among the coarse beach material 
in the north strand area. Some of these remains may have originated from the destroyed 
cottages. The diver and inter-tidal survey was repeated during August 2000 but failed to note 
any trace of these buildings exposed in the littoral or sub-littoral areas (Bolton 2007). Similar 
occurrences of destruction of the built environment can also be found elsewhere on the south-
east coast of Ireland, for example with the loss of a row of cottages by coastal erosion in 
Greystones in the opening years of the twentieth century (Cleary 1989). A diver survey of this 
site in 2000 also revealed no traces of these buildings (Brady 2002).  
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4.4.1.5 The Impact of Coastal Erosion to the Historic Built Environment at Bray 
 
Fieldwork on the north strand site (1998-2001) has shown that erosion in the area is more 
complex than an average loss in linear meters (previously reported by Devoy (1992) at 0.47 m 
per annum). The gradual undercutting and frequent falls of the cliff resulted in average losses 
of less than 0.5 m between 1998 and 2002, but resulted in a loss of a section 5.0 m deep and 
10 m wide immediately south of the railway bridge in January 2001. The changes to the 
shoreline between 1998 and 2002 are best illustrated through Fig. 4.4 showing gradual loss to 
the edges of the Gate Lodge and exposure of previously buried masonry through significant 
lowering of the beach (Fig. 4.4). In addition to the encroachment of the sea on the shore were 
fluctuations in beach level and the transport and re-deposition of the cobble-boulder element 
on the upper beach. The effects of erosion in the area have also led to the gradual inundation 
and destruction of the historic coastal built environment of the area including the undermining 
and collapse of three martello towers. Diver and intertidal survey of the area of the Martello 
Towers failed to note any trace of these buildings. 
 
Fig 4.4: Comparison of Bray Gate Lodge c.1999 (left) and 2006 (right) showing how one edge of the structure(on 
the left)  has been lost, while three new additional courses have been exposed through dropping beach levels. 
 
Coastal erosion and shoreline change has therefore had a significant physical impact on 
coastal stone monuments at Bray. The four year study of a defined area allowed observations 
of the process of decay at the coastal zone. These were sorted into the generic units seen 
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below which could be applied to any coastal site to give an indication of the current extent of 
damage, and were found to be applicable to monuments located at other coastal sites. The 
extent of damage to coastal stone monuments may be categorised as follows: 
A> Total loss. 
B> Foundations/traces of identifiable building material in the inter-tidal and sub-tidal zones. 
C>  Undermining and structural damage to the monument(s). 
D> Surface alteration – including abrasion of stone, dry jointing etc. 
E> No significant damage. 
 
The survey was important in indicating that it is possible to examine both long-term and short-
term changes to the beach and to the coastal built environment. The survey work also showed 
that short periodic visits tended to yield more useful data than single in-depth visits. 
4.4.2 Case Study - Rosslare Fort, Co. Wexford 
 
The purpose of this case study was to closely examine the level of survival, current condition and 
key decay and change processes affecting a single settlement. Rosslare Fort was an entire 
settlement which was destroyed by inundation and coastal erosion during storm events over a 
single winter. Rosslare Fort was built at the northern end of a peninsula which originally ran north-
south for approximately 5 km. The north-south trending sandspit of Rosslare Fort was formed at 
the mouth of Wexford harbour. This was probably formed through processes similar to that of the 
Great Yarmouth sandspit as outlined by Small (1970).  Sandspits of this type are particularly 
susceptible to breaches which, unless repaired by sediment deposition, lead to the relatively rapid 
destruction of the landform.  
 
The site of Rosslare Fort forms the southern side of the only deep water entrance to Wexford 
Harbour. The site is submerged at high spring tides and is marked on admiralty charts as “ruins 
awash”. County Wexford experiences significant coastal erosion at rates to a maximum of 2.0 m 
per annum in areas (O'Riain 1997).  The surviving remains of the town of Rosslare Fort are located 
on a littoral sandbank trending north-south. The site is normally entirely inundated by mean high 
water but is accessible during low spring tide periods for a number of hours. The morphology of the 
sandbank alters throughout the year, especially due to the effect of winter storms and is marked as 
a navigation hazard on admiralty charts of the area. Comparison of ordnance survey maps of the 
site from the nineteenth and twentieth centuries shows the evolution of shoreline alteration to the 
site. 
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 Fig 4.5: Rosslare Fort. Co. Wexford - Comparison of Nineteenth and Twentieth Century Cartographic Sources for the 
Site shows the Extent of Changes to the Peninsula of Rosslare Fort (after Ecopro 1998). 
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The site of Rosslare Fort lies at the mouth of Wexford Harbour (from the Norse "Waesfjord” - the 
fjord of the flats) reputedly founded by the Vikings in 819 AD, but a site in the Wexford area can 
also be seen marked on the maps of the Roman cartographer Ptolemy in 2 AD. The entrance to 
Wexford Harbour is an important strategic point, and a possible star shaped fort was in place by 
the time of Baptista Boazio’s map of c. 1599 AD (Moore 1997), a structure is also noted on 
Speed’s map of 1610 and Petty’s Down Survey of 1655-58, and the fort was later re-equipped in 
1642 (Moore 1997). By the nineteenth century, the site of the fort had developed into a small 
village. The topographer Samuel Lewis (1837) notes: 
 
“On its extreme Northern Point is situated the coast-guard station called Rosslare Fort. A quadrangular range 
of buildings, containing ten houses, being chief of the five stations comprised in the Wexford district. Near the 
fort the Pilot station of the Wexford Quay corporation”.  
 
The site of an octagonal stone star-shaped fort is marked on an anonymous map of Rosslare Fort 
from the early part of the twentieth century. However, as no trace of this fort is visible at ground 
level today, it is not possible to determine its original extent or morphology. However, comparison 
of the map with Samuel Lewis’ description allows an understanding of the size of the village and 
the buildings it contains (see Table 4.5).  
Main Buildings Dwellings Ancillary Buildings 
Coastguard station Three Wooden bungalows Stone breakwater 
Lifeboat house Dwelling containing the church Ship repair yard 
Pilot station Thatched dwelling Concrete groyne 
School  Jetty 
Table 4.5: Buildings of Rosslare Fort shown on Early Twentieth Century Mapping. 
 
There were also a range of lesser buildings including stores and outhouses associated with the 
main buildings and dwellings, and also a number of other coastal structures such as a tide indicator 
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and a flagstaff. The site of the star-shaped fort is also noted, although it is not known if any remains 
were still visible at the time of the map. 
 
The destruction of the town of Rosslare Fort was documented by Kehoe (1972) who noted that the 
spit was breached in two locations during the winter of 1926-1927.  As the breaches began to 
widen, the town was abandoned and was never reoccupied. Gradually, coastal erosion led to the 
collapse of all the buildings on the site and the inundation of the town. Comparison of admiralty 
maps of the twentieth century shows the gradual loss of material of the Rosslare Fort sandspit 
leading to its complete inundation.  
 
Rosslare Fort had been subject to the effects of coastal erosion throughout its history. Clements 
(1999) noted that the martello tower of Rosslare Fort, constructed in 1804, was undermined and 
destroyed by coastal erosion in 1819. In addition to recounting the loss and abandonment of the 
town, Kehoe (1972) also notes that the foundations of the previously eroded wooden lighthouse 
could be seen at the turn of the twentieth century. The process of destruction is not unique as 
losses to similar coastal landforms in the United Kingdom are also known (Small 1970), yet the 
survival of built structures at the site allows some insight into the levels of destruction posed by 
coastal erosion and preservation of building materials following destruction of the structures. 
 
4.4.2.2 Field Survey of Rosslare Fort in 1999 
 
The buildings and structures which comprised Rosslare Fort have largely collapsed (see Fig. 4.6). 
However, their component materials have not been scattered. Comparison of the sketch maps of 
the fort as it appeared in the early twentieth century and fieldwork visits in 1999 show that the 
general outline of buildings and structures generally correspond to their pre-1926 locations. 
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Though the buildings have been greatly disturbed, the bulk of the materials comprising the 
collapsed buildings have remained in situ - allowing the examination of the process of destruction 
of the village.  
Fig 4.6: Remains of Rosslare Fort, 1999. 
 
Identification of individual buildings was possible through examination of the collapsed building 
materials. Identification and location of the collapsed brick chimneys led to the discovery of houses 
of the quadrangle. By noting the relative positions of differing building materials – e.g. the mass 
concrete of the groyne, the limestone rubble of the coastguard station and the brick chimneys of 
the dwellings, it was possible to note that the relative locations and extent of the buildings and 
structures corresponded closely with their pre-1926 locations. Similarly, close study of clusters of 
building materials allowed examination of the orientation and outline of individual buildings. It was 
noted that the general configuration of the individual buildings had not been greatly disrupted 
despite the complete collapse, inundation, tidal action and almost 75 years of winter storms on the 
site. The roof finials of the coastguard station still mark the original orientation of the building, and 
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the cut limestone window jambs showed reasonably accurate spacing corresponding to the 
possible position of the original window openings. 
 
The terraced houses comprising most of the residential houses of Rosslare Fort were constructed 
of timber with brick chimneys and detailing. The timber elements are no longer evident, though the 
chimneys are collapsed but recognisable, and can be used to reconstruct the original layout of the 
site. The remains of the chimneys are of rough irregular hand-made brick, and these have 
generally survived in good condition. Sections of brickwork occasionally survive with a coarse 
sand/cement render on the surface, and their beds often display straw-marks from their 
manufacture. The brick is normally coated in a layer of pink algae approximately 1.5 cm thick, with 
green algae attached to the surface. The bricks show rounding due to water abrasion but are 
largely intact with intense biological colonisation consistent with littoral habitats (Fossitt 2000) on 
the east coast of Ireland. 
 
Durable materials such as limestone and brick have tended to survive in relatively good condition, 
though the exposed stone masonry tends to show rounded edges and polished surfaces. All timber 
elements of the town have been destroyed and less resilient materials such as roofing slates have 
lost a great deal of material through abrasion and corrasion at the site.The stone elements were in 
generally in good condition. Less resilient building materials such as roofing slates tended to be 
severely abraded with usually only 15% of their original extent surviving. The collapsed random 
rubble limestone masonry of the coastguard station was in relatively good condition though it 
showed extensive biological colonisation in the form of algae. Traces of cut limestone survive in the 
area of the coastguard station and lifeboat house, comprising cut stone roof finials and cut stone 
window jambs.  
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The field survey did not reveal any trace of the octagonal star-shaped fort noted in the early 
twentieth century, or any indication of the site of Rosslare Fort martello tower visible at ground level 
today. However, it is possible that this star-shaped fort was an earthwork monument, in which case 
little surface trace could be expected to survive under the aggressive site conditions. An area of 
collapsed and heavily overgrown masonry was recorded c. 500 m to the east of the main 
concentration of buildings - submerged in approximately 1.5 m of water. It was not possible to 
identify this masonry, but it's position on the landward side of the town would suggest that it is 
unlikely to be the remains of the martello tower. The masonry of the tower would have been in 
demand as salvage, and could have been removed from the site.  
 
4.4.3 Case Study - Ballinskelligs Castle, Co. Kerry 
 
The objective (further to the general objectives outlined in Section 4.3) in assessing Ballinskelligs 
Castle, and all of the subsequent individual sites, was to examine in detail the impacts on a single 
standing coastal archaeological structure, rather than examining the impacts to the remains of a 
number of damaged and disrupted structures to the sites.  
 
4.4.3.1 The Fabric of Ballinskelligs Castle 
 
Ballinskelligs Castle is located in an exposed coastal environment on a rock outcrop at the end of a 
south-west trending storm beach adjacent to Ballinskelligs Priory, on the west side of Ballinskelligs 
Bay. The storm beach is separated from the grass-topped dune shore by a freshwater stream, and 
is composed of a fine sand beach with a water-rolled cobble overlay. The beach averages twenty 
metres wide at low water and is overtopped by waves during high spring tides and storm events. 
This is an eroding beach structure and the area around the castle is transforming into an islet. The 
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castle is bordered by a skirting of semi-natural grassland to the north-west, a low rock outcrop to 
the south-west and by a boulder and outcrop beach to the south-east and north-east.  
 
Fig 4.7: General View of Ballinskelligs Castle Showing the Monument Standing on a Sandy Spit. 
 
The castle consists of a three-storey rectangular tower house showing a base batter. The castle is 
entered by a ground-floor doorway in the south-east elevation, and access to the upper floors is by 
stairways located in the southern angle of the wall fabric. The pointed arch ground-floor doorway is 
composed of dressed sandstone with internal and external rebates and originally featured an iron 
grille or yett. The entranceway contains a murder hole above, a mural chamber on the right and a 
mural stairway to the left. The castle is lit by loops with rectangular lintelled embrasures. The 
south-east and north-west elevations feature a large lintelled window at first floor level. However 
these appear to be later insertions to the wall fabric. 
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The walls are composed of rubble masonry with roughly dressed quoins. The wall thickness varies 
from over four metres thick on the ground floor to only 0.7 metres thick at second floor level. A 
softer sandstone to that found in the masonry walls was dressed for window and door elements. 
The dressings are still visible in sheltered areas of the door intrados. Traces of an external lime-
based render survive to the upper stories of the north-east elevation. It was noted that the angles 
show recent repairs, and the lower courses of the south-west angle have been repointed with 
ordinary portland cement mortars. The north-west elevation shows indications of a former adjoining 
structure in the form of beam-holes at first-floor level. 
 
Dry jointing is extensive throughout the fabric of the tower house and the original coarse-grained 
lime mortar is visible at the back of the joints. A significant amount of the existing masonry mortars 
are probably original, and include sandstone aggregate and abundant shell fragments. These are 
probably hydraulic and partially remain in good condition. 
 
The tower house was built directly onto a foundation of rock outcrop. The bedrock is aligned 
vertically, inlcined slightly to the north-west. The majority of the monument was built with a 
predominantly purple, occasionally green, fine-grained, laminated sand/silt rock. The building stone 
also includes grey sandstone and purple and green mudstone. The majority of material is of local 
origin and was gathered from the adjoining bedrock. The stone outcrop belongs to the 
Ballinskelligs Sandstone Formation, aged upper Devonian (Pracht 1996).  
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Fig 4.8: Erosion of the Coast Immediately Adjacent to Ballinskelligs Tower House. 
 
The purple siltstone is probably the most abundant material in the Castle and is the material of the 
natural outcrops surrounding the castle. This stone is strongly laminated. The grey sandstone used 
in the masonry walls is hard and contains quartz veins and natural fractures. A softer brown and 
purple sandstone with occasional lamination and joining was used for dressed door and window 
elements and some quoins.  
 
4.4.3.2 Decay of Ballinskelligs Castle 
 
The castle is primarily at risk from coastal erosion processes, which prompted previous excavation 
of the site (Sheehan 1988, O’Sullivan and Sheehan 1996). A photo by Crawford (1922) shows the 
islet to be much more extensive than seen when surveyed (2002), when the entrance to the 
doorway was partially concealed by the build-up of soil cover to the islet. The south-west angle 
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showed in 2002 active erosion to the bedrock and soil cover at the base of the tower house. The 
footings to the south-east elevation are exposed and in the early stages of undermining. Erosion by 
wave action can be seen to the soil cover at all elevations. The soil cover bordering the castle 
averages less than one metre in thickness and extensive fresh falls were noted to all elevations. 
The south-east and north-east elevations are fronted by a mobile boulder and cobble element. The 
sill of the pointed arch doorway is exposed and being undermined through removal of core material 
by washing during storm periods.  
 
The rubble masonry of the castle mainly shows biological colonisation by lichen and fracturing. A 
thin coat of carbonate composition, probably produced by weathering mortar, is locally covering the 
internal masonry. The masonry also typically shows dry jointing, often exploited by grasses and 
flowering plants. The relative thinness of the second-storey walls may be a factor in their relatively 
poor level of preservation. 
 
The softer brown and purple sandstone used for dressed work is weathering along the natural 
joints.  Scaling, flaking and fracturing occurs along the bedding. Biological colonisation by lichen is 
also affecting the sandstone. The sandstone surface is cohesive but weathered by wind abrasion 
and dissolution. Dressed sandstone blocks are missing from the door jamb. The arch voussoirs of 
the doorway show cracking and flaking of the intrados. The lintel of the north-west window is 
fractured and has lost some material.  
 
The site also displays biological colonisation. The wall tops feature higher order species such as 
grasses and flowering plants. Flowering plants are colonising the dry joints to the exterior masonry 
– especially to the north-west elevation. The interior walls are covered with a light covering of algal 
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slime. Lichen coverage is commonly found to the surface of the exterior masonry, and is found on 
the pointed arch doorway – except to the eastern jambs which are clean of biological colonisation. 
The decay affecting the stone is summarized in the table below: 
Major Stone Type(s) Sandstone/siltstone, 
mudstone 
Sandstone 
Surface Colour Range  Purple, green. Brown, purple 
Significant Decay Forms Biological colonisation, 
fracturing, dry joints, missing 
masonry. 
Biological colonisation, scaling, flaking, 
fracturing, abrasion, dissolution, missing 
masonry. 
Table 4.6: Key Stone Types and Decay Forms Noted to Ballinskelligs Castle, Co. Kerry.  
 
The site was classified as standing, featuring mild stone decay and mild structural damage. The 
site is exposed showing active coastal erosion. The fabric of the castle is at risk from undermining 
and collapse of the structure from coastal erosion. This area of Ballinskelligs Bay is undergoing 
active coastal erosion, which previously necessitated archaeological excavation (Sheehan 1988). 
The nearby site of Ballinskelligs Priory shows previous coastal protection measures, and traces of 
a submerged forest and peat layers are exposed during low water periods on the beach running 
between the castle and priory. 
 
4.4.4 Belvelly Castle, Great Island, Co. Cork  
 
Belvelly Castle is a tower house located at the high water mark above a fording point onto Great 
Island, Co. Cork. A secondary road runs immediately to the south of the tower and Belvelly Bridge 
and Belvelly martello tower are located approximately 100 metres to the west of the site. The tower 
is located on semi-natural grassland overlooking a mixed sediment foreshore. The area is low-lying 
and may be prone to flooding during storm events. 
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4.4.4.1 The Fabric of Belvelly Castle 
 
The four-storey tower house is composed of uncoursed rubble masonry with dressed quoins, door 
and window elements and occasional carved detail. The tower house stands to full height, though 
the battlements do not survive at the wall-top. The tower house is accessed through a segmental-
arched ground floor doorway near the south end of the west elevation. The masonry adjacent and 
above the door shows indications of extensive rebuilding. An eroded plaque with a coat-of-arms is 
found above the ground floor doorway. The west elevation also features a pointed-arch door at first 
floor level. This doorway is composed of dressed limestone with carvings to the jambs. The 
carvings to the southern jamb have been largely lost. The tower features a number of window 
types including single-lights, twin lights with missing mullions and ogee-headed windows with 
sunken spandrel decoration. A number of horizontal concrete gun slits dating to the Second World 
War (Healy 1988, Power 1994) have been inserted into the masonry of the tower. 
 
The masonry fabric of the tower house is composed of 97% limestone and 3% sandstone and 
mudstone. The bedrock area of Belvelly Castle is the Waulsortian Limestone of the Carboniferous 
period, aged Dinantian (Sleeman and McConnell 1995). The light-grey micritic limestone shows 
white sparry cements, occasional fossils and lamination. The  limestone shows both sedimentary 
and algal lamination, and is occasionally recrystallized.  Scarce red and brown sandstone and 
mudstone blocks are also scattered within the masonry.  The original lime-based mortar bonding 
the limestone masonry shows aggregate containing old red sandstone. The building material 
appears to have been sourced locally as this stone type can be seen in field walls, boulders and 
other buildings in the immediate area.  
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Fig 4.9: General View of Belvelly Tower House, Co. Cork, at Low Tide. 
 
4.4.4.2 Decay of Belvelly Castle 
 
The tower house features dry jointing throughout the fabric and the formation of a number of 
significant structural cracks. Structural cracking has caused damage to the head of an ogee-
headed window at the second floor level of the north elevation. Iron tie beams have been inserted 
into the tower house to halt structural movement. The base of the tower house is located at the 
high water mark but shows no evidence of undermining. The tower survives to full height. However, 
the inter-tidal zone immediately adjacent to the north elevation shows a significant amount of fallen 
dressed masonry from the upper sections of the wall fabric. 
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Fig 4.10: Fallen Limestone Masonry Blocks in the Inter-tidal Area at the Base of Belvelly Castle. 
 
The carved detail of the tower house also shows some loss. Fracturing along lamination and 
across bedding, with secondary microporosity due to dissolution is also present.  There is general 
surface dissolution and an extensive biological patina to the masonry. Carved detail to the first floor 
doorway in the west elevation shows material loss through spalling and cracking. The coat of arms 
over the ground floor doorway in the west elevation shows loss of detail through dissolution. The 
east face shows extensive biological colonisation with lichen, grasses and shrubs colonising dry 
joints and a tree growing at second floor level.  The general decay affecting the stone masonry is 
summarised in Table 4.7: 
Major Stone Types Limestone (97%) Sandstone/mudstone (3%) 
Surface Colour Range (*) Light grey 
 
red and brown 
Significant Decay Forms Fracturing, surface dissolution, 
biological colonisation, soiling. 
Structural cracking 
Surface dissolution. 
*Extensive weathering patina 
Table 4.7: Key Stone Types and Decay Forms Noted to Belvelly Castle, Co. Cork.  
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The tower was classified for the purpose of this study as standing, featuring strong structural 
damage and mild stone decay. Carved detail tended to show strong stone decay with a number of 
architectural features are being lost through dissolution. The tower shows some recent losses of 
masonry to the upper sections of the tower.  
 
4.4.5 Shippool Castle and Quay, Co. Cork  
 
Shippool Castle, also known as Poulnalong 
Castle (Power 1992), is a tower house 
composed of coursed rubble masonry of local 
stone. The castle was possibly built c.1543 by 
the Roches of Kinsale, and was converted in 
the eighteenth century by Edward Merrick for 
domestic purposes (Healy 1988). The castle 
stands on the east bank of the river Bandon 
surrounded by semi-natural woodland, with a 
road immediately to the east of the building. The 
castle appears as a rectangular tower with a 
slight base batter, with a circular turret at the 
north-east corner. 
 
Fig 4.11a: Shippool Castle, Co. Cork. 
4.4.5.1 The Fabric of Shippool Castle 
 
The fabric of the castle is composed of rubble masonry bonded with a lime mortar. The castle 
displays a range of openings including slit, pointed arch and ogee-headed windows, two blocked 
ground floor door openings to the east elevation, and a blocked window opening to the north 
 126 
 
elevation. The attached turret features three double-splayed cannon ports immediately above 
ground level, defended by seven steeply-angled musket loops above. Above this level, there are 
two slit windows orientated north and east respectively. The easternmost slit window has lost its 
northern jamb.The tower is accessed at the south end of the west elevation through a heavily 
overgrown pointed arch doorway in two orders blocked by an iron grille. The interior of the castle 
and much of the west and south elevations are heavily overgrown and close inspection of these 
areas was not possible. 
 
This study also noted a previously unrecorded quay associated with the castle. The remains of the 
quay survive below the high water mark immediately to the west of the castle. The quay is twenty-
six metres long and extends three metres westward from the current river bank, standing to a 
average height of one metre. The edge of the quay is delineated by a single line of large stones 
retaining in-fill of smaller material. Collapsed rubble from the quay is found throughout the inter-
tidal area in the immediate vicinity. The building stones of the castle are predominantly siltstones 
and mudstones.  Sandstone and other rocks are also present in smaller amounts. The siltstone 
features occasional lamination and common quartz veins.  It often displays a white weathering 
colour. The window elements are of sandstone and, occasionally, mudstone. The sandstone 
sporadically includes flasher bedding. light-grey crystalline limestone is also present in small 
amounts. This material is aged Carboniferous (Dinantian) and appears to belong to the local 
Kinsale Sandstone Formation of the Cork Group (Sleeman and McConnell 1995). 
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Fig 4.11b: Previously Unrecorded Quay Uncovered During Low Tide Periods Adjacent to Shippool Castle. 
 
4.4.5.2 Decay of Shippool Castle 
 
The upper sections of the tower house have collapsed leaving approximately two stories surviving. 
The castle is experiencing significant biological colonisation with higher order species colonising 
the walls and dry joints – especially to the south and west elevations. Dry jointing is noticeable 
beside the doorway in the west elevation with the loss of masonry units adjacent to the door jambs. 
The sandstone masonry displays differential erosion along lamination, and oxidation. Incorrect 
positioning of some blocks, for example to the blocked window lintel in the north elevation, is 
leading to strong scaling. Much of the colour variation noted to the siltstones and sandstones are 
the result of weathering. The general decay is summarised in Table 4.8. 
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Major Stone Types Siltstone (90%) Mudstone, sandstone and other (10%) 
Mudstone Sandstone 
Surface Colour Range Green, white to orange, brown 
and grey. 
Grey and black  Pink, white, green, 
grey 
Significant Decay Forms Slight fractures, occasional 
flaking and slight scaling. 
Flaking and 
fracturing. 
Differential erosion, 
oxidation, scaling. 
Table 4.8: Key Stone Types and Decay Forms Noted to Shippool Castle, Co. Cork. 
 
The surviving remains of the castle are in good condition. The immediate risk to the castle is from 
biological colonisation coupled with extensive dry jointing (where the mortar has receded to such 
an extent to pose a risk to the stability of the wall). A number of masonry units are also suffering 
significant stone decay – with the lintel and sill of the window in the north elevation suffering from 
significant loss of material through flaking. The castle was classified as having mild stone decay 
and mild structural damage. The recording of the quay highlights a gap in the current published 
body of work on archaeological field monuments. Many inter-tidal sites are not included in many 
county inventories and the quantity, distribution and relationship with terrestrial sites remains 
unknown. 
 
4.4.6 Case Study - Wicklow Town, Co. Wicklow 
 
Coastal erosion has a continuing impact on the buildings and structures on the shoreline of 
Wicklow Town. Local historical references and comparison of nineteenth and twentieth century 
maps of the period show how buildings were removed by coastal erosion processes, and then 
land reclaimed and consolidated by coastal protection works. The key objectives of this case 
study  were to illustrate historical loss to the “soft” shoreline of Wicklow Town over the last 100 
years, and to contrast this with the threat of ongoing underwater erosion to the “hard” rocky 
coastal site of the Black Castle. A further objective was to assess the usefulness of underwater 
survey techniques for the evaluation of coastal archaeological monuments. One of the 
challenges to understand the processes and impacts of coastal change and the coastal 
environment is that much happens below the surface of the sea. Underwater Inspection of 
sections of submerged standing monuments, of submerged ruined monuments and sites, and 
submerging “hard” and “soft” coastlines is essential to determine the condition and threats to a 
monument. Underwater survey is a specialised activity, with many site-specific limitations 
including wave activity, tidal movement, water temperature and through-water visibility, but was 
necessary at Wicklow Town to understand and evaluate decay processes. 
 
 
Fig 4.12: The Wicklow Case Study Area. Fig. 4.13: Extract of OS six-inch sheet 
showing loss of Coastal Dwellings to the 
North of Wicklow Town on a “Soft” Sand 
beach with a cobble overlay 
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The evolution of this shoreline is complicated by the urban development of Wicklow town and 
the construction of the port. Comparison of Ordnance Survey maps of the site from the 
nineteenth and twentieth centuries, archival references and digital aerial photography taken in 
1999, identified six sites comprising coastal dwellings and industrial archaeological structures 
“lost” due to coastal erosion (see Figs 4.13 and 4.14). These buildings were constructed on a 
“soft” sand beach with cobble overlay, characteristic of many vulnerable stretches of coastline 
in Ireland including the case study area of Bray, and also other examined areas including 
Greystones Co. Wicklow and Aughinish, Co. Galway. 
 
Fig 4.14: Extract of OS six-inch sheet showing Wicklow Town showing the Site of the Black Castle and Three 
Buildings lost through Coastal Erosion. 
 
4.4.6.1 Field Survey of the “Soft” Shoreline North of Wicklow Town 1999-2000  
 
Desktop research identified six buildings (see Figs. 4.13 & 4.14) “lost” by coastal erosion. 
However, unlike Bray (see Section 4.4.1) and Rosslare Fort (4.4.2), field survey of the sites 
during low-water periods found no trace of any of the buildings. The foreshore area showed 
none of the loose building materials found at Bray, nor collapsed sections of buildings similar to 
those found at Rosslare Fort. Coastal protection and land reclamation works to Sites 1-3 on the 
Corporation Murrough lands (Fig. 4.14) could have resulted in the removal of the remains of the 
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saw mill, bath house and house in this location. The discovery of a timber cruk frame at Bray 
(See Section 4.4.1.2) also suggests the possibility that these three buildings, and the three 
dwellings found further north on the sandy shoreline (Fig. 4.13), may have been of timber 
construction. The single timber cruck at Bray had been recently exposed from burial in the 
sand, and no other timbers were noted at Bray, Rosslare Fort, or any other coastal site during 
the course of this research, indicating the poor survival of historic timber buildings and timber 
building elements on the coastline in Ireland. 
 
4.4.6.2  Underwater Survey and Building Assessment of the Black Castle 1999-2000 
 
In contrast to the disappearance of any physical trace of structures located on the “soft” 
shorelines to the north of Wicklow Town, the Black Castle defending the approaches to 
Wicklow on the rocky “hard” shoreline to the south still stands, though in a fragmentary 
condition. A detailed survey was made of the castle, the promontory on which it stands, and of 
the rocky cliffs and foreshore of the shoreline in this area. An underwater survey was also 
undertaken to determine the impacts of coastal erosion on the base of the promontory on which 
the castle stands, and any fallen masonry or other items of archaeological significance which 
could be located on the sea floor.  
 
The Black Castle, built c.1170 to 1220 (Grogan and Kilfeather 1997), consists of a detached 
stone keep, triangular in plan, built on a rocky sea promontory overlooking the approaches to 
Wicklow Harbour. The approaches to the castle are defended by a rock-cut fosse, the probable 
quarry for the building material of the castle, and was also previously defended by two earth 
embankments noted on first edition Ordnance Survey maps. The main surviving elevation is 
the southern wall, featuring two loops with internal splays and a garderobe chute with an 
embrasure. The other walls of the castle survive to an average height of 1 metre and show 
some evidence of later use and rebuilding. All the walls showed evidence of repointing, 
concealing an underlying and probably original lime-based mortar. A previously unrecorded 
series of twenty-seven rock-cut steps were noted to the east side of the rocky promontory, 
providing the castle with access to the sea.  
 
The castle was constructed using locally available material – the green-silver phyllite with 
schistose domains of which the rocky headland is formed. The fosse is not natural, and the 
dual-purpose of quarrying building stone to form a defensive fosse or moat can also be seen in 
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other Anglo-Norman castles such as Ferns, Co. Wexford (Sweetman 1999, Pavía and Bolton 
2001). Other stone types noted in the Black Castle include minor amounts of quartz blocks, 
round boulders of grey granite, red conglomerate and sandstone, green greywacke, quartzite 
and tufa. The masonry of the castle was generally in good condition, showing only mild decay 
forms (Pavía and Bolton 2001). Specifically, the phyllite-schist showed delamination along 
schistosity planes, differential weathering and iron staining. However, these decay forms can 
also be found in the phyllite-schist used in other archaeological monuments in unpolluted inland 
environments, as for example at Fassaroe Castle, Co. Wicklow (Pavía and Bolton 2001), and 
could not be attributed to proximity to the coast or to the shoreline. The repointing work to the 
castle is generally in fair to good condition. However, severe dry jointing was noted to the 
exposed south-east corner of the upstanding remains, while the same mortar found on the 
sheltered side of the same wall and other less exposed sections of masonry survived in 
significantly better condition. It seems probable that surf and spray action is accelerating the 
deterioration of the mortar of this exposed section of the castle, though the phyllite-schist 
masonry did not display any particularly significant examples of well-developed weathering 
forms in this location. 
 
Diver inspection of the underwater area at the base of the promontory showed the surrounding 
seabed to be composed of a mobile sandy substrate aligned with the prevailing north-south 
trending tidal movements. The damaging mobile cobble element found at Bray (see Section 
4.4.1) and Carrigaholt Castle, Co. Clare (see Section 4.5.1) was not present. The eastern side 
of the promontory featured a barrier of boulders (to a maximum dimension of 3 metres) acting 
as a natural sea wall defending the foot of the promontory from the full force of waves. The 
vertical walls of the south face of the promontory below the high water mark were water 
polished smooth and showed significant loss of material compared to that found on the east 
face of the promontory. In addition, the south-east corner of the promontory featured a cave 
complex extending up at least 8 metres and approached through two entrances averaging 2 x 2 
metres wide. The caves appeared to be exploiting natural weaknesses in the phyllite-schist 
promontory, and allowed wave action to penetrate into the interior of the promontory.  The base 
of the promontory also showed fragments of fallen phyllite-schist masonry similar in dimension 
to that seen in the standing remains of the Black Castle above. Approximately 35 masonry 
blocks showed traces of lime mortar similar to that seen at the castle attached to at least one 
side, indicating that these were building stones, and not loose stones which had naturally 
detached from the phyllite-schist promontory. Fresh falls were indicated by the presence of 
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mosses and lichens on one side of the masonry, indicating that loss of masonry units is an 
ongoing issue. Phyllite-schist masonry, presumed to have originated from the castle, and cut 
granite masonry were also found on the beach area and at the sheltered inlets of the rocky 
cliffs to the south of the castle. 
 
There are a number of useful outcomes of the underwater assessment, including the 
correlation of the most weathered sections of upstanding masonry with the most weathered 
sections of cliff promontory below the waterline – a feature that is not observable from the 
surface. The underwater survey also detected a significant amount of fallen masonry, some still 
“fresh” which could be securely associated with the castle. Loose fallen masonry is not visible 
within the castle, and the underwater observations assisted in an understanding of the ongoing 
nature of deterioration of the monument. The survey also detected a potential long-term threat 
to the integrity of the site as a whole. The developing cave systems beneath the castle appear 
stable at the moment. However, their presence was not suspected prior to the underwater 
inspections, and their rate of change and vulnerability continues to be an unknown element in 
assessing the vulnerability of the site. 
 
4.4.7 Overall Impact to Monuments on ‘Soft’ Shorelines 
 
The case study approach enabled the identification and evaluation of a wide range of coastal 
archaeological monuments, including the identification of significant previously unrecorded 
archaeological elements at the sites such as the quay at Shippool Castle (Section 4.4.5.1). The 
key change processes affecting these sites were found to be complex when viewed at the 
relatively small survey scale necessitated by the evaluation of stone monuments. However, a 
clear picture of the most damaging processes of change to ‘soft’ shorelines was identified, 
which will be discussed in greater detail in Section 4.7. 
4.5 An Evaluation of a Sample of Stone Monuments on “Hard” Shorelines 
 
This section presents the results of field visits to a sample of stone monuments found on “hard” 
shoreline types. The shorelines are comprised of rocky substrates from low sloping rocky 
foreshores at Ballemicro and Castlecove, to low cliffs at Carrigaholt and McSwyne’s Castle and the 
high cliffs at the Old Head of Kinsale. The aim is to present an evaluation of each monument, 
showing its current condition and the risk posed by coastal erosion currently, and historically where 
known. The objective is to show that the substrate material, while important, is not necessarily the 
key factor in evaluating the probable survival of a coastal stone monument. 
 
4.5.1 Case Study - Carrigaholt Castle, Co. Clare       
 
This case study will illustrate the relative merits of examining sites on “hard” rock coasts threatened 
by both coastal erosion and stone decay, and follows on from the assessment of the Black Castle 
of Wicklow (see Section 4.4.6). The tower house and associated structures comprising Carrigaholt 
Castle, Co. Clare are a striking example for the necessity of on-site examination of sites in ”hard” 
rock areas in order to examine the significance of local variables which can greatly increase the 
vulnerability of a coastal site. 
 
In order to identify the factors influencing erosion patterns and processes in an area, it is a 
fundamental necessity to first examine the environment and its geomorphology - including the 
nature of the shoreline, the bedrock and quaternary geology of the area, the range of sea 
conditions and relevant meteorological factors. County Clare includes 317 km of mainland and 27 
km of island coastline comprising 4.9 % of the national coastline (Eolas 1992). The coastline is 
composed of a variety of shoreline types ranging from high rocky cliffs to sandy shores and salt 
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marshes. County Clare has an annual rainfall of 1,400 mm with the majority (898 mm) falling 
between October and March, and average winter and summer temperatures of 5.0º C to 6.5ºC 
and 14.5ºC to 15.5ºC respectively (Rohan 1986). The area is subject to prevailing south-west 
winds, with speeds regularly reaching above 10.8 m/sec (force 6 or more on the Beaufort scale). 
The region is subject to the effects of Atlantic storm fronts, with maximum individual wave heights 
for storms within any 50 year interval modelled to be in excess of 30 m. However, mean wave 
heights for the exposed Atlantic coast of Clare are generally 1.5 – 3.0 m during the summer, and 
3.5 – 5.5 m during the winter (Moore et al 1997). 
 
Carrigaholt Castle stands at the southern tip of Carrigaholt Bay in south-western county Clare at 
the mouth of the river Shannon (Fig.4.15). The bay is approximately 1.3 km wide, and lies on the 
southern side of a peninsula approximately 7 km wide at this point, and 18 km from Loop Head.  
The bay faces east and is composed of a sandy beach, broken at one point by the mouth of the 
Moyart River which feeds into the bay. The shoreline of Carrigaholt Bay is composed of sandy 
beaches with cliffs composed of glacial till to the north of the bay and low rocky cliffs to the south. 
The foreshore lying immediately to the east and south-east of Carrigaholt Castle is composed of 
low rocky cliffs of a siltstone with fossiliferous limestone water-rolled cobbles overlying a siltstone 
substrate polished smooth through water abrasion and corrasion.  The polished siltstone 
substrate continues below the low water mark in the form of a sub-littoral outcrop lying 
approximately east-west and following the orientation of the siltstone. The mean tidal range is 
approximately 3.1 m at spring tides and 1.6 m at neap tides (Irish Underwater Council 2000). 
Surface water temperatures average 9º C in the winter (Lee and Ramster 1981) with a mean 
summer temperature of 17.8º C in the Shannon region due to the warming of the surrounding 
land (Moore et al 1997). 
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Fig. 4.15: Extract from Duchas Archaeological Constraint Map (1996) showing Carrigaholt Castle with the Shoreline in 1922. 
The red line denotes the approximate area of coastline lost since 1922. The detail view [above left] shows the shoreline as it 
appeared in February 2001.  
 
The bay is sheltered from the prevailing south-westerly winds and the full fetch of the Atlantic 
Ocean. As such, the bedrock underlying Carrigaholt Castle is partially shielded from the full force 
of storm waves. However, wave action in the region is complicated by the tidal stream of the 
Shannon with Admiralty charts showing a maximum tidal current rate of 2.5 knots in the area (Fig. 
4.22). The castle is surrounded by agricultural pasturelands on a low-lying east-facing slope 
exposed to winds on all sides. The inter-tidal area shows evidence of strong wave action with the 
absence of significant marine organisms which are usually abundant on west coast sites. The 
area is an aggressive wave-swept shoreline and an area of active erosion.  The Shannon estuary 
region is geologically significant in that it represents the axis of the Iapetus Ocean (600-400 
million years ago) when north-western and south-western Ireland were situated on different sides 
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of an ocean several thousands of kilometres wide. Carrigaholt is located within the Shannon 
Group, specifically the Gull Island Formation consisting of grey slumped siltstones with up to 20% 
sandstones (Sleeman & Pracht 1999). The bedrock is overlain by glacial till (boulder clay) which 
varies widely in character and was deposited as the result of the last glaciation which was at its 
maximum approximately 24,000 years BP. 
 
4.5.1.1 The Fabric of Carrigaholt Castle 
 
Carrigaholt Castle is a tall narrow four-storey tower house (Fig. 4.16), located in the townland of 
Rinemackaderrig, Co. Clare, marked on the Ordnance Survey sheet Clare 065, and numbered 
CL 0065–100–01 (Tower House) by the Archaeological Survey of Ireland. The castle was built in 
the mid-fifteenth century but shows some later features including repairs and additions to the 
tower and surrounding complex in the eighteenth and nineteenth century (Ua Croínín & Breen 
1994). The original extent of the castle can be traced in the north elevation (Fig. 4.16) as the 
masonry of the stairwell section has been tied into the original fabric, and the line of the base 
batter to the original south-western corner can be seen. 
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 Fig 4.16: South Elevation (Top Left) showing Traces of Now-lost Attached Building Noted on Map c.1922 (See Fig 
4.15), and West Elevation showing Line of Original Base Batter to Right of Ground Floor Opening, Carrigaholt Castle, 
Co. Clare. 
 
The tower house is located in the south-west corner of a bawn (approximately 25 x 16 m) 
featuring a later round turret to the north-east angle (Fig. 4.17). The bawn overlooks the early 
nineteenth century harbour of Carrigaholt to the north and shows a blocked door opening in the 
north elevation which would have provided access to the harbour area. The castle complex 
includes traces of early walls and buildings to the north and west of the tower house and features 
massive brick entrance piers to the south-western corner of the bawn. 
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 Figure 4.17: Sea Wall Constructed on the Local Bedrock showing Later Turret to the NE Corner of the Bawn, and the 
Mobile Cobble Forming the Beach Area, Carrigaholt Castle, Co. Clare.  
The castle survives to its full height and is topped by crennelations and a rubble stone chimney. A 
corner machicolation supported by stone corbels defends the north and west corners of the 
tower. The castle is composed of roughly coursed rubble masonry consistent with the 
characteristics of the local bedrock. The masonry is bonded with a fine to medium grained lime 
based mortar and shows scarce evidence of repointing with modern artificial cements. The main 
entrance to the castle is a pointed arch doorway to the east elevation. The doorway is defended 
by a double sloping chute above the arch, a shot hole to the south door jamb and a murder hole 
inside the entrance. The doorway was constructed from fossiliferous carboniferous limestone - 
which is not found in the locality. This limestone has also been used for double-light mullioned 
windows with hood moulds. All the mullions from the windows in the castle are missing. The 
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windows on the ground floor have been blocked with iron bars to prevent unauthorised access. 
The most accessible sources for these limestone features would be from the Burren area in north 
Clare or from the carboniferous limestone regions in the midlands bordering the river Shannon. 
The arch and the jambs of the door, and the limestone windows show evidence of dressing. Tall 
narrow flat and pointed-arch loops are to be found on the north and east elevations. These loops 
are constructed of an uncharacterised sedimentary stone type – but appears to be either a 
sandstone or siltstone.  
Traces of a large four-storey house attached to the south of the castle can also be determined. 
The south elevation shows roof tiles protruding from the fabric of the castle, and former door 
openings partially blocked and transformed into timber lintelled and limestone double light 
mullioned windows. The foundations of this building can be traced on the ground to the south-
east of the tower, and in the exposed sections of fallen cliff. Internally the tower house is 
composed of a stairwell and access to the former four-storey house to the southern end of the 
entrance, with the main living areas in the northern section of the turret. This northern section 
comprises barrel vaults over the ground and third floors, limestone fireplaces and later brickwork. 
Abundant traces of lime internal rendering also survive. 
 
4.5.1.2 Decay of Carrigaholt Castle 
 
The current condition of the fabric of the tower house was examined in order to assess the risks 
to Carrigaholt Castle from stone and material decay forms and processes as a comparison to 
examining the relative level of threat posed by coastal erosion. The exterior of the castle was in 
overall good condition.  Three types of stone have been identified – 1. Local siltstone used for the 
bulk (rubble masonry) of the castle masonry; 2. Carboniferous limestone used for pointed arch 
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doorway and double-light mullioned windows; and 3. uncharacterised sandstone/siltstone used 
for narrow loops in north and east elevations. 
 
The bulk of the fabric of the masonry seems to have been constructed from the local siltstone. 
However, no thin sections were taken of any of the building materials of the castle and 
identification was made on the basis of surface appearance, the decay forms evident, and 
comparison with the exposed bedrock of the surrounding area, which is variable in nature. The 
bulk of the masonry is in good overall condition but shows scaling and flaking where exposed. 
Brown staining is also present.  The quoin stones are of this local stone and these occasionally 
show significant loss of material (Fig. 4.18). The rubble masonry often features dry joints, and 
these have occasionally been exploited by higher order species. The surface of the masonry has 
been colonised by lichen. It was noted that a chute opening in the northern elevation has been 
constructed using incorrectly bedded siltstone resulting in alveolar erosion. 
Fig 4.18: South-East Quoin Showing Loss of Stone 
Surface through Delamination. 
Fig 4.19: Carboniferous Limestone Double Light 
Window Missing its Central Mullion. 
 
 The carboniferous limestone dressed stone elements show some loss of detail to the dressing 
through surface dissolution, and staining to the north jambs due to iron insertions. The north 
jambs also show some traces of spalling. All of the limestone window openings have lost their 
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central mullion. Most are in good condition with sparse lichen cover and traces of lime render to 
the borders. However, some also show cracking to the lintels (see Figure 4.19) and the ground 
floor windows have been barred with iron which may cause damage in the long-term. 
 
 A number of narrow loops in the north and east elevations are composed of an uncharacterised 
siltstone which has decayed at a much faster rate than the other building stone used in the castle 
(Fig. 4.20). The ground floor loop to the northern elevation show flaking and significant loss of 
material through “weathering-out” from these laminations. The loops to the eastern elevation of 
the castle also show extensive loss of material along the laminations. 
 
 
 
Fig 4.20: The Narrow Loops to the Eastern 
Elevations Show Extensive Loss of Material 
Due to Delamination. The Stone Forming the 
Pointed Arch has been Incorrectly Positioned 
[Face-Bedded] and is Losing Material through 
Scaling, Carrigaholt Castle, Co. Clare. 
 
The interior of the castle shows abundant survival of lime renders and plasters, brick and timber 
elements.  However, the micro-climate of the interior of the castle has resulted in dissolution of 
the internal lime plasters and renders and abundant biological colonisation in the form of mosses 
and algae.  The intensive biological colonisation has not only resulted in the loss of plasterwork, 
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but also scaling of the internal stonework. This is particularly noticeable in the main stairwell – 
with extensive scaling present and loss of material. If unchecked, this may cause the collapse of 
the stairwell. Significantly, the upper steps of the stairwell which are exposed to the drying effects 
of the prevailing winds are in much better condition than the enclosed portion of the castle. The 
interior of the castle shows some evidence of vandalism dating to before the closure of the castle 
to the public. This takes the form of graffiti etched into the surface of the plasterwork, spalling and 
loss of stone work. The masonry is bonded with a fine to medium grained lime-based mortar and 
shows scarce evidence of repointing with modern artificial cements. The external lime render has 
been largely lost and only traces survive.  
 
4.5.1.3 Assessment of Risk Posed by Erosion of the Shoreline 
 
Field survey of the coastline noted that Carrigaholt castle is bordered to the south-east by low 
rocky cliffs with glacial drift cover approximately 5 m in height (Fig. 4.21). The cliffs normally 
comprise a 1 to 1.5 m thick surface layer of glacial till, overlying an approximately 3 m thick 
exposure of severely weathered siltstone bedrock. Below the weathered siltstone layer is a layer 
of siltstone appearing fresh and significantly less-weathered, polished smooth by water action 
and abrasion by the water-rolled cobbles in the inter-tidal and immediately supra-tidal foreshore 
area (Fig. 4.21). 
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 Fig: 4.21: The Five Metre High Cliff at the Closest Point to Carrigaholt Castle. Note the Partial Collapse of the Lower 
Courses of the Retaining Sea Wall in the Right of the Photograph, and the Eroding Archaeological Layers From the 
Former Attached Building Exposed in the Upper Levels of the Cliff Face. 
 
The cliff area to the south of the castle shows evidence of recent moderate falls of cliff material. 
Field survey of the cliffs noting recent falls and other indicators of an actively eroding cliff face 
allowed vulnerable shorelines to be identified (Fig. 4.22). The surface till deposits show collapsed 
and slumped areas of grass in addition to fresh cuts in the soil exposing buried building materials, 
and the underlying cliff edge is also eroding. The bedrock is usually coloured dark-grey with 
extensive coverings of moss due to weathering and biological colonisation. Recent losses of 
material are denoted by fresh cuts, often appearing brown in colour (see Fig. 4.21), and can be 
differentiated from areas naturally coloured brown due to brown staining. 
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Fig 4.22: Shoreline Coastal Erosion Survey Identified Active Erosion to the Rocky Shoreline Immediately Adjacent to 
Carrigaholt Castle [top left]. Overlapping a 1922 Ordnance Survey Map Extract with a 1999 Digital Aerial Photograph 
of the Site iIlustrates the Shoreline Alteration. 
 
The sea wall to the east of the castle has been repointed in part with modern artificial cement, 
and the lowest courses appear to have been rendered with concrete. The “dry stone wall” noted 
in the Duchas sketch map of the site has been lost and the bedrock under the retaining sea wall 
in its southern elevation is being rapidly eroded. If left exposed, this will rapidly lead to the 
collapse of the southern section of the sea wall – the area located closest to the castle. 
 
The erosion of the castle area is not a new phenomenon and records of earlier losses can be 
traced through documentary sources and evidence on the site. Ua Croínín & Breen (1994) note 
early references that “Lord Clare trained his dragoons in front of the castle, on a lawn, long since 
eroded by the waters of the Shannon”.  The exposed shoreline to the south-east of the castle 
clearly shows the foundation walls of the four storey house (Fig.4.23), and this archaeological 
material is in danger of loss. 
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Fig. 4.23: The Cliff Edge Now Stands 3.3 m from the SW Corner of Carrigaholt Tower House. Abrasion and Corrasion is 
Causing the Loss of Both the Bedrock, and the Overlying Glacial Deposits. The Foundations of the Gabled Four-Storey 
House can be Seen in the Fresh Fall.  
 
The foreshore area is composed of water-rolled cobbles which lies in a band approximately 7 m 
wide from the mean low water mark to base of the sea wall at the east of the tower house. The 
loss of material from the rocky cliffs forming the natural seawall of the area is extensive. The first 
inlet to the south of the tower house lies 19 m from the low water mark. This shows a loss of 7 m 
of bedrock from the castle site since 1922 (Fig. 4.22).  The next inlet south of the castle shows 
even greater loss of material with a maximum distance of 24.5 m from the mean low water mark 
to the rear of cave D (Table 4.9). The siltstone of the low cliff faces is decaying rapidly. Below the 
high water mark, the stone has been weathered smooth by wave action and erosion caused by 
the movement of cobbles in the inter-tidal area. However, above this area the siltstone has 
decayed rapidly. The stone is delaminating along its beds and is extremely friable and weak. 
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Freshwater runoff from the agricultural pastureland of the fields to the west of the beach are 
seeping through the bedrock and exiting through the bedrock at the beach area through daily 
wet/dry cycling. Cave systems are common throughout the area and are marked on Ordnance 
Survey maps. Some of these have collapsed (see Table 4.9). 
Cave Location Height Width Depth     
? A Northernmost cave. Archaeological  
deposits from the house are being  
undermined. Freshwater run-off  seeping  
through rock. Rock very friable and decayed. 
1.7 m 4.2 m 2.5 m 
? B Freshwater run-off seeping through rock. 
Rock very friable and decayed. 
5.0 m 2.2 m 2.9 m 
? C Freshwater run-off seeping through rock. 
Rock very friable and decayed. Cobbles 
are exacerbating water-related decay. 
5.0 m 1.5 m 3.3 m 
? D Southernmost and deepest cave. Freshwater 
 run-off seeping through rock. Rock very  
friable and decayed. 
3.5 m 3.4 m 6.0 m 
Table 4.9: Details of Cave Formations to the Foreshore Adjacent to Carrigaholt Castle. 
 
Bedrock erosion at Carrigaholt Castle takes two forms: 
• Gradual removal of the surface stone resulting in general recession 
• Exploitation of weaker areas in the bedrock to form littoral caves. Exploitation continues 
until the roof fails - forming narrow gullies. 
 
In addition to the loss of underlying bedrock, the surface deposits of glacial till are also exposed 
to surf action at high water and to storm waves. These show evidence of fresh cuts and recent 
falls in the area immediately to the south of the tower house. The tower house can therefore be 
considered under immediate threat from coastal erosion. The cliff edge has been eroded to within 
3.3 m of the south-eastern corner of the tower house. This cliff edge is also being undermined, 
most significantly by the expansion of Cave A. 
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4.5.1.4 Discussion of the Risks to Carrigaholt castle. 
 
The majority of coastal erosion studies have tended to focus on the erosion of soft cover shores 
and dune systems – relatively little work has been done on the rates of erosion of hard rock 
substrates. Carter (1988) produced a table of likely recession rates for different Irish lithologies 
(Table 4.2). However, these did not take the wide variety of properties within each different stone 
type into account. The term ‘rock’ includes a wide range of lithologies from hard, dense granites 
and basalts, to soft chalks and siltstones which can be abraded with a fingernail. Even a 
commonly known rock type such as limestone can display significant variation in durability and 
weathering between different limestones. For example, Dublin ‘Calp’ limestone consists of three 
broad sub-types: a hard, grey limestone showing concoidal fractures; black, dense layers of 
chert; and soft, black, shaley limestone. The first two sub-types are durable and resistant to 
weathering while the last, the black shaley limestone, weathers relatively quickly into a material 
which can be damaged by a fingernail. Rock types may therefore show a range of properties and  
consequentially may weather at significantly different rates. In sedimentary rock types especially, 
different areas of the same stone type may vary widely in their rate of erosion.  
 
The local Carrigaholt siltstone is very susceptible to water related decay processes. The 
deterioration of this stone is seen in the cliffs bordering the castle area, and also mirrored to a 
lesser extent in the damp micro-climate of the interior of the tower house. The conclusion drawn 
from this is that similar decay processes are affecting the integrity of the castle from two 
directions: 
 
• The loss of substantial portions of the underlying bedrock leading to the formation of cave 
systems and the collapse of sections of the cliff face.  
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• The deterioration and failure of the local stone in the moist interior micro-climate of the tower 
house. 
 
The construction and continuing maintenance work on the sea wall has protected the enclosed 
courtyard or bawn area of the castle from coastal erosion. However, the "dry stone" wall section 
has been lost and the sea wall is in danger of erosion from this point. The sea wall is in good 
structural condition though the upper courses show dry joints as these were not repointed during 
maintenance work on the rest of the sea wall. 
 
The dramatic loss of such a large section of the bedrock will necessitate coastal protection works 
to prevent the collapse of Carrigaholt Castle. The masonry section of the sea wall is in good 
condition and can prove a useful model on which to design any coastal protection works. The 
modern artificial cements used in the sea wall have not adversely affected the stone masonry - 
perhaps due to the continual "cleaning " effect of daily wet/dry cycling caused by tidal variation.  
 
The most pressing need is the threat posed by coastal erosion to the structural integrity of 
Carrigaholt Castle. The underlying bedrock is friable and decaying rapidly, and is being 
undermined by the formation of caves leading to sudden collapse of sections of the cliff (See 
Table 4.9). The cliff edge has been eroded to within 3.3 m of the south-east corner of Carrigaholt 
Castle (See Fig. 4.23). If left unchecked, this will lead to collapse of the tower house and the 
southern end of the sea wall.  
 
Cave A immediately to the south of the tower house is actively decaying and shows recent falls to 
the soft glacial till deposit above. In the short term this will result in loss of an unknown amount of 
land immediately adjacent to the southern end of the tower house. Cave A is currently forming 
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underneath the remains of the foundations of the four-storey gabled building formerly attached to 
the tower house (also seen exposed in the cliff edge) and these foundations will be lost in the 
short-term. 
 
The decay forms and processes briefly noted in the interior of the tower house mirror the loss of 
material seen on the foreshore - but on a lesser scale. However, the stairwell is particularly 
vulnerable to decay and already shows significant loss of material. The stairwell was considered 
"dangerous" by Ua Croínín and Breen (1994) and may become unusable in the short to medium 
term. The original window openings of the tower house show extensive loss of material due to 
scaling, flaking and delamination. 
 
4.5.2 Case Study - Old Head of Kinsale, Co. Cork  
 
The objective in assessing the Old Head of Kinsale was to examine the risks to a stone monument 
located on a high rocky cliff – a “hard” shoreline, situated well above the high water mark and the 
direct action of waves and surf, but exposed to strong winds laden with salts of marine origin, and 
on a promontory with cliff faces experiencing coastal erosion. 
 
4.5.2.1 The Fabric of the Tower House and Bawn Wall at the Old Head of Kinsale 
 
The site consists of a tower house, bawn wall, two mural towers and rock-cut fosse stretching 
across the narrowest section (measuring approximately 120 metres) of the promontory of the Old 
Head of Kinsale (see Fig. 4.24). A second rock-cut fosse, acting as a further line of defence, lies 
immediately to the south of the bawn wall. The south face of the monument lies on private ground 
and was not inspected as part of this survey. The site is located in an area of agricultural grassland 
with rocky sea cliffs bordering the site to the east and west. The gated entrance to the golf course 
of the Old Head cuts through the bawn wall immediately to the west of the tower house. The 
modern gateway is composed of new stone construction bonded with an ordinary portland cement 
based mortar mix.  
 
The bawn wall acts as both curtain wall and revetment to the south slope of the rock-cut fosse. The 
rock-cut fosse is approximately six metres wide and ranges from two and a half to six metres in 
depth. The fosse is largely covered with sod and grass though some areas of bedrock are 
occasionally exposed. The wall features a tower house to the centre with flanking mural towers to 
the centre of the bawn wall to either side. The wall has been reduced in height over time and fallen 
masonry units can be found in the fosse below. Sections of the bawn wall to both the east and west 
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sides of the tower house show evidence of previous repair and rebuilding. The entire length of the 
curtain wall is topped by two modern lines of fencing attached to the wall fabric. The mural towers 
protrude approximately 1.2 metres south of the line of the curtain wall. The western tower is 3.7 
metres wide and approximately five metres high. The tower is composed of flaggy rubble masonry 
with roughly dressed quoins. A number of the quoins have been placed with the bedding orientated 
vertically, and a large quoin has been lost to the south-east angle. The eastern mural tower is 
approximately 5.15 metres wide and approximately five metres high. This tower shows a slight 
base batter and features the remains of a round-headed window in the south elevation. Two 
roughly dressed jambs survive to the west side of the window, and the round-headed lintel is 
missing the eastern third of the stone.  
 
 
Fig 4.24: The Tower House and Bawn Wall Defending the Narrowest Section of the Old Head of 
Kinsale Promontory, as seen from the Signal Tower at Lispatrick Upper (see Section 5.4.5.2). 
 
The tower house stands to three stories except to the east elevation where the wall fabric has 
collapsed above the first-floor level  (see Fig. 4.25). The tower features double-splayed lintelled 
windows, a lintelled ground floor doorway to the south elevation with a second lintelled door 
immediately above and to the east, with a blocked third lintelled doorway visible at second-floor 
level. The ground-floor lintelled doorway was recorded as blocked in 1991 (Power 1994) and is 
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now open. The interior of the tower house shows fallen masonry and some refuse. The tower 
house shows traces of external lime-based render to the walls, notably to the north elevation. 
Original coarse-grained lime-based mortar was visible within the joints of the tower house, bawn 
wall and mural towers. 
  
Fig 4.25: General View of the Tower 
House. 
Fig 4.26: The Eroding West Edge of the Bawn Wall Looking Over the Cliffs 
of the Old Head of Kinsale. 
 
The rocks comprising the fabric of these buildings are heterogeneous in composition and include 
detrital rocks ranging between sandstones and mudstones. The stones display strong weathering 
patinae that hide the properties of the material. Due to the weathering and biological patinae, the 
study of hand samples was assisted by comparison of the decay of this local stone in the west 
elevation of the adjacent site of Lispatrick Upper signal tower. The sandstone shows a wide range 
of colours (see 4.5.2.2) and occasionally includes planar and flasher bedding.  The siltstone is light 
green in colour and displays quartz veins.  Loose sand lenses and fine-grained nodules 
occasionally appear in the masonry.  The mudstones display bioturbation. The material appears 
similar to the material seen at the cliff and exposed fosse face, indicating a local source. The local 
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bedrock belongs to the Cork Group, probably to the Kinsale Formation, aged Dinantian 
(Carboniferous) (Sleeman and McConnell 1995).  
 
4.5.2.2 Decay at the Old Head of Kinsale 
 
The fabric of the tower house, curtain wall and two mural towers show extensive dry jointing, loss 
of masonry units and biological colonisation. The tower house shows open and incipient structural 
cracking to all elevations with major breaches to the east and north elevations. The masonry to the 
top of the north-west angle is displaced and is in danger of collapse. The ground floor door lintel at 
the south elevation is cracked and has also lost material through flaking.  
 
There have been losses of masonry units to the wall and extensive dry jointing, and the fosse 
shows new falls of masonry units. The wall and cliff edge to the western edge is actively eroding 
exposing the wall core with fresh masonry falls (see Fig. 4.26). In the sandstone, differential 
erosion along the flasher bedding is leading to outstanding nodules.  The mudstone shows scaling 
along the lamination. All surfaces of the stonework show biological colonisation in the form of 
algae, lichens and higher order species such as grasses in the dry joints.  The general decay 
affecting the stone masonry is summarised in Table 4.10. 
 
Major stone types  Sandstone (70%), Siltstone/Mudstone (30%) 
Siltstone Mudstone 
Surface colour range White, grey, green, orange, red, light 
purple, light brown. 
Light green  Grey to black. 
Significant decay forms Oxidation, granular disintegration, 
differential erosion, scaling. 
Oxidation  Scaling 
Table 4.10: Key Stone Types and Decay Forms Noted to the Tower House and Bawn Wall of the Old Head of Kinsale, 
Co. Cork. 
 
The site was classified as fragmentary standing, featuring mild stone decay and strong structural 
damage. The tower house shows extensive open and incipient structural cracking visible to all 
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elevations and is at risk of further collapse. The eastern and western extremities of the bawn wall 
are experiencing ongoing loss as undermining to the cliff edge through coastal erosion is causing 
incremental collapse of the wall. An active cliff slope and fresh masonry falls were noted at the time 
of inspection (April 2002).  The tower house is in danger of collapse and is in need of urgent 
conservation work. The curtain wall and mural towers would need to be repointed to prevent further 
deterioration of the masonry. A double line of modern fencing has been attached to the historical 
wall fabric, and should be removed. 
 
4.5.3 Case Study - Castlehaven Castle, Co. Cork  
 
The objective in assessing Castlehaven Castle was to examine the surviving extent of a coastal 
stone monument known to have collapsed during winter storms. The tower house is located on a 
“hard” rocky cliff, situated well above the high water mark, but exposed to strong winds laden with 
salts of marine origin, and on a cliff showing evidence of coastal erosion and significant biological 
colonisation. 
 
4.5.3.1 The Fabric of the Tower House at Castlehaven 
 
Castlehaven Castle, also known as Glenbarnahane Castle (Healy 1988), was built on a rocky 
coastal promontory overlooking the natural harbour of Castlehaven.  The castle is located in a 
coastal environment with agricultural grasslands to the west. A rocky sea cliff is located 
approximately two metres to the east of the castle, overlooking a sandy beach. The site is heavily 
overgrown and close inspection of the south and west elevations and surviving architectural detail 
of the castle was not possible.   Major collapse occurred to the castle during a storm on the 26th 
February 1926. However, photographs from this period show the castle to have been three-storey 
with a base batter, with a round vault at first floor level and gun loops in the north elevation (Carroll 
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2001). Today the castle appears heavily overgrown (see Fig. 4.27) and only small sections of the 
lower courses of rubble masonry can be seen in the north and east faces - normally showing dry 
joints but retaining traces of original lime-based mortars within the joints. The majority of the castle 
is inaccessible and a large tree is growing in the south-east section of the interior. 
  
Fig. 4.27: General View of the Overgrown Remains of 
Castlehaven Castle, Co. Cork. 
Fig. 4.28: Detail of the Eroding Cliff Face Immediately 
Adjacent to Castlehaven Castle. 
 
Siltstone and mudstone were used in the construction of the masonry walls. However, as the site 
was heavily overgrown, the inspection was very restricted and localised to small areas. It is 
possible that a small amount of sandstone is also present. The material probably belongs to the 
Old Red Sandstone Formations of South Cork, aged Upper Devonian. No geology bedrock map 
has yet been published for the area. However, it is possible that the stone belongs to the local 
bedrock, the Castlehaven Formation- one of the Old Red Sandstone Formations of South Cork 
(Pracht and Sleeman 2002). Natural stone outcrops adjacent to the castle were examined (see Fig. 
4.28). The local stone, a laminated purple mudstone ranging into siltstone, is exposed on the cliffs 
underlying the Castle and on a slope approximately 30 metres north of the Castle.  
 
4.5.3.2 Decay of Castlehaven 
  
The tower is obscured by intense biological colonisation by higher order species including ivy, 
brambles, flowering plants and trees.  Where the masonry surface could be reached, the surface 
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was normally intensively colonised by mosses and lichen. The tower is currently located two 
metres from an active cliff face (Fig. 4.28). The cliff shows fresh cuts in the form of large scales. 
The presence of this active cliff poses a long-term threat to the site. The general decay affecting 
the stone masonry is summarised in Table 4.11. 
 
Major stone types Mudstone / siltstone, probably sandstone. 
Surface colour range Dominant purple. 
Significant decay forms Biological colonisation. 
Table 4.11: Key Stone Types and Decay Forms Noted to Castlehaven Castle, Co. Cork. 
 
The site was classified as fragmentary standing, featuring strong structural decay. The level of 
stone decay could not be determined due to the extensive vegetal cover. Given the current level of 
biological colonisation, the remaining structure of the castle and the stonework is probably being 
disrupted on many levels, including exploitation and loss of mortar joints, structure damage to the 
wall fabric due to invasive root development, and disruption to the surface of the stone.  The site 
also shows potential risk from coastal erosion. Rocky cliffs are often considered low-risk areas, 
however historical records of this site recount how storm damage may cause significant damage to 
a stone monument as a sudden, catastrophic event, becoming further degraded as the site is 
gradually overgrown and obscured by organic growth.   
 
4.5.4 Case Study - Castlecove Castle, Co. Kerry 
 
The objective in assessing Castlecove Castle was to examine the risks to a stone monument 
located on a “hard” low rocky outcrop adjacent to the high water mark, but also exposed to the 
strong winds laden with salts of marine origin and eroding shoreline seen at the Old Head of 
Kinsale (see Section 4.5.2) and Castlehaven (see Section 4.5.3).  
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4.5.4.1 The Fabric of Castlecove Castle 
 
Castlecove Castle, also known as “Bunaneer Castle” (O’Sullivan and Sheehan 1996), is located on 
a low rocky outcrop overlooking Kenmare Bay to the south surrounded by scrub and woodland 
(see Fig. 4.29). The castle is located in a coastal environment, bordered by a tidal river to the 
north, and the inlet of Castlecove to the east and south, with a marshy area to the west. The high 
water mark is located approximately two metres from the eastern elevation of the castle. 
 
Fig 4.29: General View of Castlecove Castle, Co. Kerry. 
 
The castle consists of a rectangular tower house measuring approximately 11.8 metres long by 9.9 
metres wide externally, and orientated approximately north-south. Two storeys of an original three 
currently survive. The externally battered walls were constructed using internal and external faces 
of uncoursed rubble masonry bonded with a medium to coarse-grained lime-based mortar 
enclosing a rubble and mortar wall core. Large quoins survive to all angles. The rubble masonry 
consists of sandstone, siltstone and mudstone with large dressed limestone and sandstone/ 
siltstone elements including doorway jambs and lintels as well as window elements. 
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All elevations feature a recessed triangular plane beginning at the batter return 2.8 metres above 
ground level, and increasing in depth as it ascends (Fig. 4.30). The apex of each of these features 
no longer survives, but they were probably built to facilitate a gun loop. This form of architectural 
detailing is also found at Ballynamona Castle, Co. Cork (Craig 1982). The castle contains ogee- 
and round-headed limestone windows with chamfered jambs and splayed ingoing shows abundant 
traces of surface dressing. Lintelled opes of local stone were also noted. Traces of external and 
internal renders were noted to the wall fabric. 
 
Fig 4.30: The North Elevation Showing the Recessed Triangular Plane, Ogee-headed Limestone Windows and the 
Garderobe to the Base of the Wall, Castlecove Castle, Co. Kerry.  
 
The doorway is located slightly off-centre to the south in the western elevation. The doorway 
details have been lost and the area has also lost an important amount of stone material. The 
flagged-roof entrance lobby allows access to a mural chamber, the main ground floor chamber and 
a mural passage leading to a spiral staircase in the north-west corner of the castle. The doorway 
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was defended by a murder hole internally. The spiral stairwell featured a pointed-arch doorway 
providing access to the first floor. The stairwell was accessed via a mural passage from the lobby 
area. The first-floor level features mural chambers and a flat-arched fireplace. The survival of 
corbels on the internal wall surface at first floor level indicates the former presence of timber 
flooring to the now-lost second floor level of the castle. The eastern end of the north wall features a 
now-blocked lintelled passageway providing access to a basement level. The garderobe or toilet is 
set within the north-east section of the castle, exiting via a lintelled discharge opening at ground 
level.  
 
The main building stones are purple sandstone/siltstone and mudstone.  These stone types were 
used throughout the rubble masonry, and also for quoins and for dressed door and window 
elements. A grey, laminated limestone was also used for dressed windows and internal doorways.  
Large blocks of sandstone/siltstone used as lintels sporadically show planar lamination. The 
majority of the building stone is of local origin, similar to the stone exposed on the rock outcrops of 
the foreshore, and probably belongs to the Valentia Slate Formation, aged upper Devonian (Pracht 
1996). Most of the material was probably obtained locally, from the outcrops exposed on the rocky 
foreshore except for the probably Carboniferous Limestone which may originate from the 
Castlemaine Harbour area, north of Castlecove Castle. 
 
4.5.4.2 Decay of Castlecove Castle 
 
Most of the southern elevation of the castle has collapsed. Loose rubble and dressed masonry can 
be found within the collapse internally and externally. Large dressed limestone blocks, dissolved 
and abraded by tidal episodes, and loose rubble stone are commonly lying in the inter-tidal zone 
bordering the castle. The doorway has lost the outer face immediately to the south, and is at risk of 
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further collapse (See Fig. 4.31). The interior of the castle has locally lost the inner face of the wall 
exposing the rubble core. The window openings are generally in good condition though the ogee-
headed window above the main doorway has lost its southern jamb. 
  
Fig 4.31: The Doorway at Risk of Further Collapse, 
Castlecove Castle, Co. Kerry. 
Fig 4.32: Intense Biological Colonisation to the Masonry 
Façade of Castlecove Castle. 
 
The doorway jambs and lintels of purple sandstone/siltstone show scaling, flaking, lichen growth 
and occasional fractures.  Similar decay forms are affecting the stone in the masonry walls.  The 
dressed limestone elements show loss of surface detail due to dissolution. The interior of the castle 
and the wall-tops are commonly overgrown with higher order species including small trees, 
flowering plants and extensive ivy coverage (See Fig. 4.32). The wall-tops, horizontal  surfaces and 
dry joints have been exploited as habitat by grasses, creepers and flowering plants. Lichen and 
algal growth were commonly noted to the internal masonry. The external masonry is extensively 
colonised by lichens, and some higher order species. The decay affecting the stone masonry is 
summarized in Table 4.12. 
Major stone type(s) Sandstone/siltstone, mudstone Limestone 
Surface colour range  Purple Grey 
Significant decay forms Biological colonisation, scaling, flaking, 
fracturing, dry joints, missing masonry. 
Biological colonisation, dissolution, 
abrasion,  missing masonry. 
Table 4.12: Key Stone Types and Decay Forms Noted to Castlecove Castle, Co. Kerry. 
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The castle was classified as fragmentary standing, featuring mild stone decay. The castle is at risk 
of further structural collapse.  This exposed site shows indications of active coastal erosion, and 
the stone monument was therefore considered at risk from coastal erosion and sea level rise.  
 
4.5.5 Case Study - Ahamore Abbey, Abbey Island, Co. Kerry 
 
The objective in assessing Ahamore Abbey was to examine a monument on a “hard” shoreline 
known to have experienced significant loss through coastal erosion, and to determine if there was 
potential for further loss, or if the site had stabilised in a manner similar to the retreat of natural 
shorelines.  
 
4.5.5.1 The Fabric of Ahamore Abbey 
 
The ruins of Ahamore Abbey, locally known as “Derrynane Abbey” (O’Sullivan and Sheehan 1996), 
are built on the edge of a rocky cliff on the north-east edge of Abbey Island on the west side of 
Derrynane harbour. The site is located in an exposed coastal environment, overlooking the sea 
immediately to the east, a sandy beach to the north-east, and Derrynane Harbour to the west. The 
abbey is located within a sub-rectangular stone-walled graveyard enclosure. The site is surrounded 
by dunes and semi-natural grassland. Access to the island is via an inter-tidal sand-flat, containing 
exposed bedrock which is inundated during high spring tides.  
 
The ruins consist of a rectangular church building with two adjoining rectangular buildings to the 
south. The survey was focused on the main church building (see Fig. 4.33). The eastern elevation 
of the church is built on a bedrock foundation while elsewhere both internal and external ground 
level has risen to varying heights. The walls normally survive to almost full height. The walls are 
composed of rubble stone bonded with a coarse-grained lime-based mortar, and some traces of 
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internal renders also survive. A brown sandstone was used for carved and dressed doorway and 
window elements. The eastern elevation is supported externally by two rubble stone buttresses. 
This east gable shows a large central pointed window with two slightly smaller pointed flankers. All 
three windows are set within a splayed embrasure, and show chamfered heads and jambs, and 
dressed sandstone scontions. The north elevation of the church shows a round-headed doorway 
and two round-headed windows. The round-headed doorway shows damage to the west side and 
features a weathered stop in the shape of a human head to the east. The west gable of the church 
was covered with an extensive ivy growth and inspection of the internal wall surface was not 
possible. The north elevation features a pointed arch doorway with broadly chamfered jambs, 
showing later modifications in the form of an inserted lintel within the doorway, and some voussoirs 
are displaced. 
 
Fig. 4.33: General View of the Interior of the East Gable, Ahamore Abbey, Co. Kerry. 
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The main building stone is a predominantly purple, occasionally green, laminated mudstone 
sporadically changing into silt-grade material. Slightly more massive, grey, light purple and brown 
sandstone was also used within the wall fabric. Medium-grained, brown sandstone with purple 
mudstone clasts was carved and dressed for the doorway and window elements. The majority of 
the material appears to be of local origin, and probably belongs to the St. Finian’s Sandstone 
Formation, and the Valentia Slate Formation, aged middle Devonian (Pracht 1996). The dressed, 
brown sandstone may belong to a different Devonian Sandstone Formation in the area. 
 
4.5.5.2 Decay of Ahamore Abbey 
 
The east gable of the church is at risk from coastal erosion. The bedrock comprising the rocky cliff 
foundation to the eastern elevation is partially fractured along the bedding, and is broken and loose 
at the foot of the cliff. A previous coastal protection measure in the form of a sea-wall has also 
been damaged. The top surface of the sea-wall has failed forming a corrasion pit. Detached stone 
and cobble elements are abrading the building foundation during tidal episodes and storms, as a 
result, the building foundation of the east gable is being undermined (see Fig. 4.34). Fresh falls and 
live cliff faces can be seen in the area immediately adjacent to the church.  
 
The carved and dressed brown sandstone is heavily weathered showing intense damage by wind 
abrasion and heavy dissolution, mainly at the gothic windows and the quoins of the eastern 
elevation facing the sea. Here, the sandstone has lost an important amount of material. The brown 
sandstone shows marked alveolar erosion, differential erosion along flat and channel bedding and 
intense colonization by lichen. This sandstone has natural fractures perpendicular, as well as 
nearly parallel and slightly oblique to the sedimentary bedding. Some of these have opened 
through dissolution and stress induced by the wall-load. Scarce sandstone blocks were placed 
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incorrectly in the walls, with the natural bedding oriented vertically. Several sandstone blocks at the 
northern doorway, north window and the south window (western end) are missing. The purple 
mudstone clasts in the brown sandstone stand proud from the rest of the surface of the rock due to 
weathering. 
 
Fig. 4.34: Erosion through Abrasion and Corrasion Impacting on the Base of the East Gable, Ahamore Abbey, Co. 
Kerry. 
 
The site shows biological colonisation in the form of higher species such as the grasses colonising 
the wall-tops, and the masonry is extensively covered with lichen growth. The interior of the west 
gable is totally covered by ivy, and inspection was not possible. The walls commonly show open 
mortar joints. The visible remains of the masonry mortar are strong and remain in place. This 
mortar is probably lime-based and hydraulic (containing hydrated material which contributes to 
strength and durability), and contains local aggregate of purple sandstone. The decay affecting this 
monument is summarized in the Table 4.13. 
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Major stone types Masonry mudstone and sandstone (93%) Dressed sandstone (7%) 
Mudstone Sandstone 
Surface colour range Purple, green Grey, light purple and 
brown 
Brown with purple clasts. 
Significant decay forms Biological colonisation. Fracturing, scaling, 
biological colonisation. 
Differential erosion, alveolar 
erosion, scaling, dissolution, 
fracturing, missing masonry, 
biological colonisation 
Table 4.13: Key Stone Types and Decay Forms Noted to Ahamore Abbey, Co. Kerry. 
 
The site was classified as fragmentary standing, featuring strong stone decay. The east gable of 
the church is at risk from coastal erosion and sea level rise, and there is danger of structural 
collapse through undermining. The carved and dressed sandstone used in the church shows 
significant loss of detail through weathering.  
 
4.5.6 Case Study - McSwyne’s Castle, Co. Donegal 
 
The objective in assessing McSwyne’s Castle was to examine the risk of a stone monument on a 
“hard” shoreline known to have experienced loss through coastal erosion, and to determine if there 
was potential for further loss, or if the site had stabilised in a manner similar to the retreat of natural 
shorelines. 
 
4.5.6.1 The Fabric of McSwyne’s Castle 
 
McSwyne’s Castle, also known as McSwyne Bannagh’s Castle (Lacey 1983), is situated on a rocky 
coastal promontory orientated approximately north-east to south-west overlooking McSwyne’s Bay 
(see Fig. 4.35). The castle is bordered by low rocky sea cliffs to the north, south and west and is 
located in an exposed coastal environment with agricultural grasslands to the north. The east side 
of the castle shows traces of a fosse. The high water mark extends to the cliff faces of the 
promontory, which are fronted by boulders and cobbles overlying the exposed bedrock. 
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Fig. 4.35: General View of McSwyne’s Castle Showing its Location at the End of a Promontory. 
 
The castle consists of the remains of a tower house with bawn. The remains of the tower house 
comprise a section of the southern elevation standing approximately ten metres high. The wall 
fabric is composed of two facades of roughly coursed rubble masonry enclosing a rubble and 
mortar wall core. During the 19th century, the castle was used as a quarry for St. Catherine’s 
Church and graveyard in Killybegs, and restoration works were carried out in 1929 (Lacey 1983). 
The restoration works consisted of reinstating the jambs and lintel of the window in the south wall 
of the keep, and general repointing in ordinary portland cement-based mortars to consolidate the 
ruin. Abundant remains of the original mortars are also present throughout. The restored window 
shows portland cement-based mortar restoration. The internal window embrasure is intact but filled 
with fallen masonry. The concave outline of the spiral staircase chamber can be seen to the 
eastern end of the wall. Corbels and the skewbacks to the former vault can also be seen in the wall 
fabric. The bawn wall survives in sections, however much of the bawn was previously noted as 
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fallen due to coastal erosion (Lacey 1983). A surviving section at the south-west of the promontory, 
standing up to 3.5 metres in height, is currently undermined and in danger of collapse. The remains 
of a twentieth century concrete observation post is located in the western end of the castle 
enclosure. 
 
The monument was built mostly with beige to brown, medium to coarse-grained, poorly cemented, 
siliceous sandstone with conglomeratic levels. The conglomerate is matrix-supported, including 
sub-rounded, siliceous clasts sized up to 10 cm, and shaley clasts sized approximately 12 cm. A 
dark grey, fossiliferous shale was used for the corbels.  In addition, feldespathic sandstone 
boulders were occasionally used in the building fabric.  These were probably sourced from the 
inter-tidal areas surrounding the promontory. The sandstone shows local graded bedding, bedding, 
joining and oxidation.  Oxidation surfaces, rings and spots were common. The sandstone probably 
belongs to the Banagher Sandstone Formation, of Carboniferous Age (Long and McConnell 1999).  
 
4.5.6.2 Decay of McSwyne’s Castle 
 
The castle, standing on predominantly sandstone bedrock, is mostly collapsed. Loose rubble and 
dressed masonry can be found within the collapse internally and externally. The surviving wall of 
the castle keep is in poor condition. The fabric shows dry jointing throughout, and the upper 
sections of the internal, or north-facing, stone face have collapsed exposing the rubble core. The 
outer, or south-facing, elevation is in good condition, though displaying dry joints. The sandstone 
weathers to white and grey, and the underlying sandstone bedrock is breaking along the joining. 
Alveolar erosion, occasional scaling and dissolution were recorded. Dry joints and occasional 
fracturing of masonry units were noted. The stone surface is partially colonised by lichen, and 
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grasses have colonised horizontal surfaces and are exploiting some dry joints where soil has 
collected.   
 
The castle promontory is undergoing coastal erosion (see Fig. 4.36). The inter-tidal area is 
composed of fresh-cut bedrock faces and a mobile boulder cobble element, and an area of grass-
covered collapse was noted to the northern edge of promontory (see Fig. 4.37). The promontory 
cliffs are actively eroding from direct wave action and corrasion from the boulder-cobble element 
fronting the cliffs. The south face of the promontory cliff underlying the Castle shows significant 
undermining and active falls. Fallen masonry from the bawn wall, abraded by tidal episodes, is also 
noticeable lying in the inter-tidal zone bordering the castle. Large sections of collapsed masonry 
are lying on the east beach adjacent to the promontory. 
 
Fig. 4.36: Erosion of the Rocky Foundations Beneath McSwyne’s Castle. Fig. 4.37: Rubble Stone Lying in the 
Inter-Tidal and Foreshore Area Below 
the Deteriorating McSwyne’s Castle. 
 
Mortar repairs are widespread, probably belonging to the 1929 repair work. Some of these mortars 
have partially detached from the substrate, resulting in loss of their original function of 
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consolidating the masonry.  However, no damage seems to be induced in the stone as a result of 
the repair.   The decay affecting the stone masonry is summarized in Table 4.14. 
Major stone type(s) Sandstone/siltstone, mudstone Limestone 
Surface colour range  Purple Grey 
Significant decay forms Biological colonisation, scaling, 
flaking, fracturing, dry joints, 
missing masonry. 
Biological colonisation, dissolution, 
abrasion, missing masonry. 
Table 4.14: Key Stone Types and Decay Forms Noted to McSwyne’s Castle, Co. Donegal. 
 
The castle was classified as fragmentary standing, featuring mild stone decay and strong structural 
damage. The castle is at risk of further structural collapse, and is also at risk from coastal erosion 
and sea level rise. 
 
4.5.7 Case Study - Ballemicro Castle, Co. Galway 
 
The objective in assessing Ballemicro Castle was to examine the risk of a stone monument on a 
“hard” coastal foreshore, where only the foundations survived, and to determine if any of this loss 
or deterioration of the building materials could be attributed to coastal erosion processes. 
 
4.5.7.1 The Fabric of Ballemicro Castle 
 
The remains of Ballemicro Castle, also known as Inveran Castle, consist of the foundations of the 
west and south walls, extending approximately 9 metres and 7.3 metres respectively standing at 
the high water mark on the east side of a small sea inlet on the southern shore of Connemara (see 
Fig. 4.38). The presence of the castle was noted in 1549 (Hardiman 1846) and in 1574 (Nolan 
1901). Robinson (1990:133) notes: 
 
“At the mouth of a small stream are the slight remains of Inveran Castle, built by the de Burgos, the Norman 
settlers ….. By 1641 much of the area from here to Ros an Mhíl had passed into the possession of the 
Lynches, and as a result of the Cromwellian confiscations became part of the estate of the Blakes, who took 
the stones to build Cashel House on the other side of the stream, in Indreabhán”. 
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The remains consist predominantly of granite rubble masonry bonded with a medium-grained lime 
mortar. The granite is part of the Galway Granite (Ryan and Feely 1983). The rubble walls stand 
approximately four courses high, and the base batter can still be determined. A causeway across 
the inlet can also be seen, and also a fosse believed to be a later feature (Gosling 1993).  There 
are no collapsed remains of building masonry from the castle. However, the building and 
surrounding wall of Cashel House stands approximately 200 metres north-west of Ballemicro 
Castle, and it is likely that fallen building stone was salvaged and reused in the adjacent Cashel 
House, ruined since the 1920s (Robinson 1990). The foreshore in the vicinity of the castle consists 
of an exposed rocky shore overlain with a shingle and gravel beach. 
 
4.5.7.2 Decay of Ballemicro Castle 
 
Only fragmentary remains survive of Ballemicro Castle. These are located in the littoral and 
immediately supra-littoral zones. Though the site is exposed to the Atlantic Ocean, the presence of 
the sea inlet offers some shelter and the site appears to be only moderately exposed. The 
surviving masonry walls stand at the high water mark, and are subject to daily wetting and drying 
and sea spray, and also some damage to the foundation courses, probably from corrasion from the 
mobile cobble and gravel of the beach, and abrasion from waves (see Fig. 4.39).  The granite 
masonry stands in a similar situation, and shows a similar degree of weathering to the railway 
embankment in Bray, Co. Wicklow. The degree to which this weathering is caused by mechanical 
action of sea and beach material, or by chemical weathering through salt attack will be discussed 
in more detail in Chapters 5 and 6. 
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Fig 4.38: The Remains of Ballemicro Castle on the Shores 
of Galway Bay. 
Fig 4.39: Abrasion to the Foundations of Ballemicro Castle, 
Co. Galway 
 
Major stone type(s) Granite 
Surface colour range  Grey-white 
Significant decay forms Biological colonisation, dissolution, scaling, granular disintegration. 
Table 4.15: Key Stone Types and Decay Forms Noted to Ballemicro Castle, Co. Galway. 
 
4.6 Simulation Studies of the Deterioration of Stone at Different Points within a Shoreline 
 
4.6.1 Introduction, Aim and Methodology 
 
One of the initial research aims was to evaluate the importance of the proximity of a monument to the 
sea, and how this may influence the level of damage or deterioration of the stone surface. The objective 
of the simulation study was to evaluate whether variations in levels of damage or surface alteration 
could be observed to stone blocks positioned at different locations within a shoreline. The significance of 
this to the aim of the overall study was to better identify and understand the key decay forms and 
processes which act on stone surfaces located at different points within a coastal environment. The test 
stone blocks were positioned in submerged, inter-tidal, surf/spray and supra-tidal zones to note any 
variation in the type[s] and severity of decay forms and processes noted in each zone. 
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A series of test blocks of Irish Carboniferous limestone, one of the most commonly found stone types 
used in Irish archaeological monuments (Pavía & Bolton 2001), were prepared. The test blocks were 
obtained from the works depot of the Department of the Environment, Heritage and Local Government 
at Portumna Castle, Co. Galway courtesy of Mr. Paul McMahon, Senior Architect and Inspector of 
National Monuments. The blocks were sawn into rectangular blocks 75 x 75 x 200 mm in dimension, 
and secured within a purpose-built housing of marine grade plywood. Each stone was fixed to the inside 
of the housing using a proprietary heavy-duty adhesive, leaving one face exposed approximately 5 mm 
proud of the level of the housing. The rear of the boxes were drilled to accept 10mm polypropylene 
marine-grade rope. The boxes were secured to 1500 mm threaded steel bars with a constrictor knot. 
The bars were hammered into position with the base of the exposed stone block left standing 
approximately 300mm above ground level. The test blocks were examined on a biannual basis between 
1998 and 2002 (Table 4.16). 
Site U/W I/T HW 5M Shoreline type 
Bray 1, Co. Wicklow 2 1 0 0 Unconsolidated glacial deposits, fronted by a 
cobble/gravel and sandy beach 
Bray 2, Co. Wicklow 2 2 0 0 Unconsolidated glacial deposits, fronted by a 
cobble/gravel and sandy beach 
Greystones, Co. Wicklow 2 0 0 0 Unconsolidated glacial deposits, fronted by a 
cobble/gravel and sandy beach 
Roundstone, Co. Galway 0 0 1 2 Rocky shoreline overlain by agricultural grasslands. 
Claddaghduff, Co. Galway 0 0 1 2 Rocky shoreline overlain by agricultural grasslands. 
Key 
• U/W: Underwater (sub-tidal area) positioned underwater 2M below the high water mark* 
• I/T: Inter-tidal area. Positioned between the highest and lowest tides – completely immersed at high water, and 
completely exposed at low water. 
• HW: High Water Mark. Positioned at the high water mark and subject to surf and spray. 
• 5M: Supra-tidal area. Positioned five metres inland of the high water mark. 
* The low and high water marks were taken from on-site observations using tide tables to identify spring tides with the 
highest tidal ranges. 
Table 4.16: Location of Simulation Study Test Blocks Positioned in 1998. 
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4.6.2 Findings 
 
Biannual observations of the test blocks showed that wholescale loss was a significant finding to all 
sites, with surface alteration of the stone blocks being a secondary finding. Samples were lost at Bray 
and Greystones, Co. Wicklow on the east coast of Ireland as a result of erosion of the coast during 
storm events 2000-2002. The U/W and I/T samples survive in situ and show relatively little surface 
alteration. Their position 300 mm above ground level was above the level of corrasion damage from the 
mobile cobble/gravel element found to the beach. These samples typically showed a green, probably 
algal, biofilm covering the housing and the exposed stone surface. On the west coast, the underwater 
samples at Claddaghduff, Co. Galway were lost as a result of dredging operations to the approaches of 
Claddaghduff harbour, occurring sometime in 2001. The sample at the high water mark appears to have 
been undermined and lost through coastal erosion of the shore edge. The U/W and I/T samples at 
Roundstone, Co. Galway could not be located during inspection in early 2001, and were presumed lost 
as a result of winter storm action 2000-2001 (see Table 4.17). The other samples remain in situ. 
Site U/W I/T HW 5M Reason for loss 
Bray 1, Co. Wicklow 2 1 0 0 Samples lost during storm events.  
Bray 2, Co. Wicklow 2 2 0 0 Samples lost during storm events 
Greystones, Co. Wicklow 2 0 0 0 Samples lost during storm events through undermining  
Roundstone, Co. Galway 0 0 1 2 Samples lost over winter season 2000-2001. 
Claddaghduff, Co. Galway 0 0 1 2 Samples lost through dredging of approaches to Claddaghduff 
harbour in 2001. Sample at HW undermined by coastal 
erosion and lost in 2000. 
Table 4.17: Summary of Condition of Simulation Study Test Blocks in 2002. 
 
4.6.3 Evaluation of the Simulation Study 
 
The simulation study was set up to evaluate whether variations in levels of damage or surface alteration 
could be observed to stone blocks positioned in different locations within a shoreline. However, the 
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study primarily illustrates the episodic nature of damage and destruction through the severity and 
rapidity of change which can occur at the shoreline, and how this can affect any structure therein. A 
further observation was that loss of land at the coastline is unlikely to be uniform.  A general observation 
of all sample sites is that the underwater area, below and outside the influence of the aggressive inter-
tidal area, appears relatively stable in comparison to the other zones evaluated during the study. 
However, stone surfaces and structures in the submerged zone are subject to marine biological 
colonisation and the impacts of wave movement. This observation was made during examination of the 
southern sub-tidal cliff face at the Black Castle, Co. Wicklow (Section 4.4.6). The simulation study test 
block samples positioned 5 metres back from the high water mark appear relatively stable. The greatest 
level of damage appears to be concentrated in the inter-tidal zone and the area immediately adjacent to 
the high water mark. The effects include undermining, wave action, corrasion, west-dry cycling and sea 
spray. The effect of coastal erosion is the movement of the damaging inter-tidal zone landward – with a 
consequent rapid change in environmental conditions for archaeological stone monuments now entering 
the inter-tidal zone. 
 
4.7 Discussion 
 
4.7.1 The Possible Impact of Sea-level Rise to Monuments on the Coast of the Republic of 
Ireland 
 
The existing literature (McGreal 1979, Ruz 1989, Bird 1992, Bray & Hooke 1997) presents the 
submergence and emergence of coastlines as an ongoing long-term process. In the Republic of Ireland, 
the sea has progressively encroached on the land through a continuing process of erosion and gradual 
inundation since the end of the last Ice Age. The current estimates of anticipated global sea level rise of 
between 14 and 80 cm, with a mid-range estimate of about 0.5 m, and increased levels in the frequency 
and severity of precipitation and storm events (Nakicenovic and Swart 2000, Beniston and Tol 2001, 
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Watson, Zinyowera and Moss 2001) are likely to produce a range of impacts on the shoreline of Ireland. 
The impacts are unlikely to be uniform, and influencing factors include shoreline type, topography and 
local variables. However, certain coastal types such as tidal deltas, low-lying coastal plains, beaches, 
islands (including barrier islands), coastal wetlands, and estuaries may face greater risk due to their 
physical characteristics. The significance of the coastal type in assessing vulnerability to change, 
suggested that the local topography and underlying geology of an archaeological monument would be 
an important factor in determining the impact of any rise in sea level at the site. 
 
At the small-scale of survey relevant to the consideration of stone monuments, fieldwork survey showed 
that consideration of the shoreline type and consequent susceptibility to shoreline alteration was a much 
more important indicator of risk than a rise in sea-level per se. Inundation alone does not necessarily 
lead to significant deterioration of stone monuments on the coast, and many archaeological stone 
structures such as the medieval or early post-medieval harbour of Inisbofin Island, Co. Galway (Pavîa 
and Bolton 2001), Carrigafoyle Castle, Co. Limerick (Leask 1941) and the quay at Shippool Castle, Co. 
Cork (Section 4.4.5) were built at the land/sea interface. with a significant part of the structure immersed 
in water. All three structures have elements which are permanently underwater, with other areas subject 
to tidal action. However, fieldwork observations indicated that while simple immersion was not 
particularly harmful to the masonry fabric, there were other more damaging processes at work at the 
coastal edge (discussed in Section 4.7.3). Consequently, it is the factors associated with sea-level rise 
which have the greatest potential to cause damage to archaeological monuments – increased wave and 
storm activity, increased coastal erosion and changes in climate and weathering parameters. These 
factors may all be controlled by local variables such as shoreline type, local and regional longshore and 
offshore sediment transportation processes, fetch and exposure to wave energy.  
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4.7.2 The Significance of “Hard” and “Soft” Shoreline Types for the Deterioration of Coastal 
Stone Monuments. 
 
A common categorisation for coastal zone management is to divide a coast into “hard” (e.g. rocky cliffs) 
and “soft” (e.g. unconsolidated glacial deposits) shoreline types when considering the effects of coastal 
erosion (e.g. Quellenec 1998). Previous studies in Ireland (Bord Failte Eireann/An Foras Forbatha 1974, 
Forbairt 1996) have followed this useful model when considering impact at large scales. 
 
The findings at the case study monuments confirm that shoreline type is a key factor in estimating 
vulnerability to coastal erosion, and consequent risk to a monument. However, at the small scale 
applicable to the consideration of levels of current and possible future deterioration to a coastal stone 
monument, large-scale surveys can underestimate the amount of damage occurring at a small scale. 
Survey work in Bray, Co. Wicklow showed that the process of change to the shoreline at a small scale is 
highly variable and tends to result in greater local loss than that estimated by previous large-scale 
studies. The study by Bord Failte Eireann/An Foras Forbatha (1974) estimated the rate of cliff recession 
in the Bray-Kiliney area at less than one metre per annum. Survey work between 1998 and 2002 has 
shown recession rates of up to 2 metres per annum with significant loss of sections of coastline 
occurring during storm events. Coastal erosion surveys therefore can underestimate the amount of local 
loss to the shoreline on the coast of Ireland, and need to be critically evaluated when considering their 
value in assessing potential risk to an individual archaeological monument.  
 
The simulation studies presented in Section 4.6 indicates that the loss of land at the coast may not be 
uniform. Previous large-scale studies (Bord Failte and An Foras Forbatha 1974, Forbairt 1996) give 
average rates of loss for different stretches of the coastline of Ireland. However, at the smaller scale 
applicable to the consideration of coastal stone monuments, greater variation is apparent. Local factors 
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such as the durability of the structure itself influence erosion. For example, the samples at Bray 2 were 
located immediately south of the railway bridge on the north strand of Bray, Co. Wicklow. The durable 
structure of the bridge focused the effects of coastal erosion at the edge of the bridge – leading to the 
loss of a five metre section of coastline and the simulation stone blocks immediately to the south of the 
bridge. Instances of sudden cliff collapse were noted elsewhere to the glacial till cliffs between Bray, Co. 
Wicklow and Kiliney, Co. Dublin. This phenomenon has been referred to in the literature (Bird 1992) in 
relation to accelerated rates of erosion at the edge of coastal protection works. The simulation study 
shows that this phenomenon may also be equally applicable to the consideration of small-scale areas. 
The observations at the simulation study test sites, and at the case study monuments leads to the 
association of different levels and types of damage to different zones at the coastal edge. The 
categorisation of these was considered useful in developing a better understanding of the process of 
destruction. 
 
4.7.3 The Process of Monument Deterioration and Destruction at the Coastal Edge. 
 
This research allowes the evaluation of a number of different monument types located in different types 
of shoreline. Observations from 1998-2004 resulted in an overview of the most significant factors 
associated with deterioration of the sample population of stone monuments: undermining (Section 
4.7.3.1), abrasion and corrosion (Section 4.7.3.2), wet/dry cycling and increased periods of wetness, 
and the presence of salt (Section 4.7.3.3). Further, different zones of damage and deterioration were 
identified (Section 4.7.3.4). 
 
4.7.3.1 Undermining 
 
The undermining and collapse of built structures located on the coast was brought about predominantly 
by coastal processes acting upon the underlying geology, rather than primarily on the fabric of the 
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monument. Fieldwork observations at the sandy cliffs running between Kiliney, Co. Dublin and Bray, Co. 
Wicklow showed wave erosion at every high tide period, fresh falls of material at the base of an exposed 
near-vertical cliff face with no biological colonisation, suggesting constant loss of material.  The base of 
the sandy cliffs is fronted by a highly mobile cobble beach, causing mechanical erosion through 
abrasion to the toe of the cliffs combining with wave action, sub-aerial processes and storm events, 
resulting in sudden failures of sections of the cliff face. Extensive falls were noted during the winters of 
1998, 1999 and 2000. The level of erosion is stabilised by the redeposition of this material during tidal 
movements. However, sediment transport processes in the bay (Kirk, McClure & Morton 1996) 
ultimately removes this material offshore resulting in further collapses of the cliff faces, and also 
fluctuations in beach levels at the base of the cliffs and in the inter-tidal area. As the protective head of 
collapsed detritus is gradually removed offshore by local sediment transport processes, the cycle of 
erosion is renewed.  
 
The process of erosion and deposition results in both the encroachment of the sea onto the land, and 
fluctuating beach levels. There can therefore be both vertical and horizontal alterations to the character 
of a beach area. Changes to the morphology of the shoreline result in a number of processes of 
destruction threatening monuments, including undermining, abrasion and corrasion, and the exposure of 
previously buried areas to daily wet-dry cycling through tidal movements. The Bray north strand 
shoreline is significantly affected by winter storms with fluctuations in beach level of up to 1.5 m 
recorded in areas during 1999 and again in 2001.  The loss of material to the upper beach resulted in 
the undermining and partial collapse of the northern sections of abandoned railway bridges on the north 
strand of Bray, and also of the north strand of Greystones during the winter storms of January and 
February 2001. The gate lodge at Bray, Co. Wicklow also showed a drop in beach level of 
approximately 1.5 metres 1998-2003 exposing the foundations of the building. Instances of the collapse 
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of monuments in county Wicklow due to the process of undermining have been previously recorded in 
the literature (Cleary 1991, Davies 2000). The process of undermining and the formation of structural 
cracks mirror were also noted as the cause for the destruction of Martello Towers numbers 1,3 and 4 
(Murray 1989, Clements 1999, Davies 2000). It also illustrates a pattern of destruction which can be 
used to highlight sites under imminent risk of collapse, using sites and monuments such as Rosslare 
Fort, Co. Wexford as a model. 
 
4.7.3.2 Abrasion and Corrasion 
 
A dynamic beach environment, and especially corrasion from the gravel-cobble element can cause 
damage to any standing remains within the littoral and sub-littoral areas. Stone masonry at Rosslare 
Fort, Co. Wexford, Greystones and Bray, Co. Wicklow all showed well-developed weathering forms with 
severe loss of material. The ashlar of the railway embankments at Bray and Greystones, Co. Wicklow 
have been exposed to the sea for over 150 years and show highly developed weathering forms. The 
masonry is rounded and polished through abrasion by wave action, but more significantly corrasion by 
the gravel and cobbles acting against the structure by wave action. Comparison of the loss of material 
between granite masonry located within the littoral zone, and masonry from a railway bridge of similar 
date located 100 m from the high water mark shows that masonry located within the littoral zone 
experiences significantly greater loss of material. This greater loss of surface material can also be seen 
in the masonry remains of a number of west coast examples including Ballemicro Castle, Co. Galway. 
The remains of Ballemicro castle are located in the littoral and immediately supra-littoral zones - and 
show a similar degree of highly developed weathering forms to those seen at the railway embankment 
of Bray, Co. Wicklow. The degree to which this accelerated weathering is caused by mechanical action, 
or by chemical weathering through salt attack will be discussed in the following chapters. 
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While abrasion and corrasion lead to progressive loss of surface material, it is the gradual removal 
offshore of the beach sediment, leading to the undermining of built structures, that seems to pose the 
greatest threat to coastal heritage at shorelines such as Bray, Co. Wicklow. Historical records of the 
losses of Martello Towers Nos. 1 and 3 (Clements 1999, Davies 2000) and recent collapses of sections 
of the railway bridges at Bray and Greystones in January 2001 show that the loss to the coastal built 
environment at Bray is continuing. 
 
4.7.3.3 Wet/dry Cycling, Increased Periods of Wetness and the Presence of Salt 
 
A monument on the shoreline experiences daily changes in environment due to the movement of the 
tides – leading to a daily cycle of wetting and drying episodes, increased periods of wetness of stone 
surfaces, and the presence of salts derived from sea water. The existing literature has noted that these 
factors have led to significant deterioration of historic stone masonry on the coast of mainland Europe 
(Zezza 1996a), especially to granitic rocks (e.g. Alves and Sequeira Braga 1996, Silva, Rivas and Prieto 
1996, Silva et al 1996, Charola 2000, discussed in detail in Section 6.3.5).  Observations at the case 
study sites noted discrepancies between the levels of deterioration implied by the existing literature, and 
the current condition of the monuments contained in the sample population. The issue of surface 
alteration of stone masonry on the shoreline, and especially to granitic stone masonry will be treated in 
greater detail in the following chapters. 
 
4.7.3.4 Damage Zonation 
 
A general observation at all sites is that the underwater area, outside the influence of the aggressive 
inter-tidal area, appears relatively stable though subject to gradual marine biological colonisation and 
the effect of wave movement, as described during the evaluation of the southern sub-tidal cliff face at 
the Black Castle, Co. Wicklow. The simulation study samples (Section 4.6) positioned 5 metres 
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landward of the high water mark on both the east and west coasts also appeared relatively stable. The 
greatest level of damage appears to occur in the inter-tidal zone and the area immediately adjacent to 
the high water mark. The effects include undermining, wave action, corrasion, wet-dry cycling and sea 
spray. 
 
The evaluation of different monument types on different shoreline types led to the observation that some 
zonation of damage intensity could be determined (Table 4.18). For example, in the north strand of 
Bray, there was a general tendency for coastal heritage to be better preserved in the sub-littoral zone of 
the shore than in other areas of the coastal zone. Built heritage in the littoral and immediately supra-
littoral, especially at the cliff edge, experienced more intense, rapid decay than other areas due to a 
combination of mechanical action by surf and water movement, and the daily natural wet-dry cycling of 
the tides. These suggest a pattern for the process of coastal destruction (Table 4.18) which could be 
usefully explored for management purposes such as coastal protection or conservation by future 
research. 
Area Type of Damage Intensity of Damage 
U/W Wave action 
Some corrasion 
Biological colonisation (marine sub-littoral) 
 
Low to moderate 
I/T Coastal erosion leading to undermining of structures 
Fluctuating beach levels leading to undermining of structures 
Daily wet-dry cycling 
Wave and surf abrasion 
Corrasion 
Sea Spray (at low tide periods) 
Increased periods of wetness 
Biological colonisation (marine littoral) 
 
 
 
Moderate to Severe 
HW Erosion of shoreline leading to undermining of structures 
Wave and surf abrasion 
Corrasion 
Sea Spray 
Increased periods of wetness 
Biological colonisation (terrestrial and marine supra-littoral) 
 
 
Moderate to Severe 
5M Sea Spray 
Biological colonisation 
Low 
Table 4.18: Observed decay Processes Acting on Historic Stone Masonry at Different Zones of the Shore. 
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The effect of coastal erosion is the movement of the damaging inter-tidal zone landward – with a 
consequent rapid change in environmental conditions for archaeological stone monuments now 
experiencing a more aggressive environment. It was noted that areas at the high water mark and the 
inter-tidal area contained more factors associated with decay than the other areas (Table 4.18). This 
suggests that in addition to the rate at which mean sea-level may rise, any resultant changes in tidal 
amplitude, especially ascending levels of the highest tides may be of great relevance to coastal 
monuments. 
 
4.8 Summary 
 
Coastal erosion and coastal processes have left traces of shoreline alteration dating from the retreat of 
the glaciers at the end of the last Ice Age to the present day around the coast of Ireland. Traces of 
shoreline alteration are not confined to the survey areas - the pattern of long-term periodic exposure and 
reburial, abrasion and biological colonisation can be seen at submerged forests at Inny Strand and 
Ballinskelligs, Co. Kerry, and at Bray, Co. Wicklow (Bolton 2003) and the abandonment of Rosslare 
Fort, Co. Wexford. The remains of nineteenth and early twentieth century building are separated by over 
6000 years from these submerged forests, yet both share site formation processes as well as threats to 
their continuing survival.  
 
Unlike the majority of land-based archaeological sites, coastal and underwater sites can be dramatically 
changed due to their highly dynamic environment, raising the issue of heritage management. Continuing 
coastal processes have led to, and will continue to lead to the eventual destruction of traces of historical 
built and natural landscapes to many sections of the coastline where the underlying geology and local 
conditions allow shoreline recession. The rate of erosion of the cliffs in the Killiney Bay area observed 
during fieldwork proved to be higher than was estimated by previous studies (Section 4.4.1), and a 
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pattern of preferential destruction was defined in the area which can be used for future management. 
The increasing international recognition of the significance of submerged cultural heritage raises many 
questions regarding the recording of this heritage, and how, and indeed if it should be preserved. The 
remains on Bray's north strand illustrate the complexity of decay experienced by the built environment 
located on a "soft" shoreline once subjected to coastal erosion. However, the north strand area of Bray 
is not unique in containing inundated remains of the coastal environment - similar remains can be found 
elsewhere. 
 
The inaccuracy of historic cartographic sources for the inter-tidal and coastal areas, as well as the 
difficulty in identifying collapsed and fragmentary buildings means that the full extent of coastal built 
heritage in Ireland may only be revealed through extensive fieldwork. The fieldwork of this research 
(though somewhat limited) resulted in the study of many buildings which had never been previously 
examined in this manner. A significant proportion of these buildings are of industrial heritage interest, for 
which there is a growing international recognition. Recording of coastal heritage enables preservation by 
record. Understanding the processes of destruction and decay, provides a useful model for the 
development of risk assessment for coastal heritage. Coastal erosion processes have been a significant 
factor in the historic loss of Irish built heritage through natural processes, and are likely to be an 
increasingly important factor in the preservation of Ireland’s coastal heritage during the expected climate 
changes of the twenty-first century. The loss of entire towns by coastal erosion processes such as 
Rosslare Fort, Co. Wexford (Section 4.4.2) is unparalleled in Ireland outside of periods of warfare. All 
coastal sites and monuments examined during fieldwork showed loss, ranging from significant losses in 
some areas, to few in others. The conclusion drawn from consideration of the literature review and 
observations of the case study monuments is that a relatively uniform rise in sea-level and in the rates 
of coastal erosion may not lead to the widespread destruction of coastal stone monuments. However, 
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monuments in areas currently at risk, such as the martello tower at Aughinish, Co. Galway and 
Ballinaskelligs Castle, Co. Kerry (Section 4.4.3) are likely to undergo significant deterioration and 
possible total destruction as the sea encroaches further. A further conclusion is the impact of coastal 
erosion for a monument is likely to be intrinsically linked to the characteristics and type of shoreline in 
the vicinity.  
 
Observations at all the case study monuments and the simulation study areas resulted in the conclusion 
that the loss of coastal heritage was linked intrinsically with the surrounding geomorphology. The 
conclusion drawn from the observations is that a relatively uniform rise in sea-level and in the rates of 
coastal erosion may not lead to the widespread destruction of coastal stone monuments. However, 
monuments in areas currently at risk, such as the Martello Tower at Aughinish, Co. Galway and 
Ballinaskelligs Castle, Co. Kerry, are likely to undergo significant deterioration and possible total 
destruction as the sea encroaches further. On the other hand, this leads to the conclusion that the 
impact of coastal erosion for a monument is likely to be intrinsically linked to the material, 
characteristics, type and underlying bedrock of the shoreline in the vicinity.  The processes of 
monument deterioration at the coast edge may impact on the entire structure, or vulnerable sections of 
the structure. Stone archaeological monuments in Ireland were constructed using a wide range of stone 
types, with selected types of sandstone, limestone and granite favoured for carved and dressed 
architectural detail of high heritage value (Pavía & Bolton 2001). It was decided to further focus the 
research to consider the impact of the coastal environment on specific stone types, and to note any 
variation in the type[s] or severity of damage recorded. The following chapters evaluate in increasing 
detail the deterioration of sandstone and granitic stones used in Irish archaeological monuments in both 
coastal and unpolluted inland environments. 
5. Stone Decay  
 
5.1 Introduction 
 
The relationship between severity of damage to stone monuments and proximity to the coast has been 
a research focus at a European level for some time (Delgado Rodrigues 1992, Fassina et al 1994, Alves 
and Sequeira 1996, Robert et al 1996, Vincente 1996, Zezza 1996, Moropoulou et al 1997, Charola 
2000, Chabas and Jeannette 2001, Galán and Zezza 2003). The evaluation of the threat of coastal 
erosion to coastal stone monuments (Sections 4.4 and 4.5) focused on surface alteration of the 
masonry of each monument. These observations suggested some discrepancies between the findings 
of previous European studies, and the condition of masonry surfaces of coastal stone monuments in the 
Republic of Ireland.  
 
Fieldwork was undertaken to gain an overview of the condition of a representative sample of stone 
monuments in the Republic of Ireland focusing on the surface weathering and alteration of historic stone 
masonry, and to identify any key issues or emerging trends relevant to the overall objectives of this 
research. In the initial survey, the monuments were composed of a number of stone types including 
limestone, sandstone, siltstone, and granitic rock types. This fieldwork identified two stone types as 
particularly important: siliciclastic rocks (sandstones, siltstones and mudstones), and granitic rocks. 
These bedrock types are found in both coastal and unpolluted inland environments in the Republic of 
Ireland, and were commonly used in archaeological monuments for both general construction and 
carved work (Wilkinson 1845, Pavía and Bolton 2001). Therefore, these stone types were selected for 
study due to their historic significance, and the relevance to understanding potential issues regarding 
their conservation and preservation for the future. The fieldwork presented in this chapter focused on 
the condition of stone monuments composed of siliciclastic rock types, while also including a 
representative sample of monument types found in both coastal and unpolluted inland environments. 
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Granitic rocks (highlighted as another significant rock type) are a distinct stone type, and are treated 
separately in Chapter 6. 
 
This chapter comprises a summary and evaluation of the results of fieldwork surveys of 108 
archaeological monuments composed of siliciclastic rock types, reflecting the range of Irish 
archaeological monument types to be found in coastal and unpolluted inland environments. Case 
studies have been included where relevant to best illustrate the condition and severity of deterioration of 
monuments surveyed. Detailed descriptions of some monuments have been excluded from the case 
studies, as these have already been published (Pavía and Bolton 2001).  
 
5.2 Methodology 
 
The aim of this chapter is to gain an overview of the current condition of a sample of stone monuments 
composed of granitic and siliciclastic rocks. The overall objective of the study of these rocks was to 
maximise the amount of relevant information which could be gathered through field observations and 
assessment of stone type[s] and any visual indicators of stone decay during a single site visit to address 
the research concerns of this study, selected by previous desktop research. Specific tasks were to: 
 
• Identify a representative range of Irish stone monument types, composed of siliciclastic rock types, 
allowing comparison between coastal and unpolluted inland environments. 
• Evaluate their current condition by means of rapid site surveys 
• Collate the information to allow meaningful comparison between different types of archaeological 
monument. 
• Evaluate and analyse the data collected to identify any key issues or trends emerging. 
• Identify any useful further work to address the overall objectives of this research. 
 
A three-phase methodology was set in place to achieve these tasks: 
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Phase 1: Desktop Survey: Sites of potential interest were identified from existing literature and 
cartographic sources to identify a representative range of stone monuments. The following criteria were 
used in the site selection process: 
 
Monument Type: Monument types were selected on the basis of a reasonable probability that 
the monument would be constructed of stone, and representative of the range of stone 
monuments found in the Irish archaeological record. The sites were identified from the Record 
of Monuments and Places, archaeological inventories of the Department of Environment, 
Heritage and Local Government, and published sources. 
 
Stone Type: The stone type was considered one of the most important factors in the site 
selection process. Given the wide variety of stone types found in the Irish landscape, a decision 
was made to focus on two stone groups known to be well represented in the Irish 
archaeological record (Wilkinson 1845, Pavía and Bolton 2001) for both general construction 
and carved work – siliciclastic rocks (rocks composed mainly of detrital grains from the 
weathering of other stones, sandstone, siltstone and mudstone, Tucker 1991, Manson 2006) 
and granitic rocks (see Chapters 6 and 7). The identification of geographical areas containing 
these rock types was based on an examination of current geological maps and bedrock data 
published by the Geological Survey of Ireland. This selection process allowed the evaluation of 
a wide range of siliciclastic rock types found in Counties Clare, Cork, Donegal, Kerry, Laois, 
Meath, Offaly, Sligo, Tipperary, and Waterford. 
 
Extent of Survival: The surviving extent of a monument was not always initially known. 
Ancillary information including ordnance survey mapping, archaeological inventories (where 
available) and other published information was consulted to identify monuments where 
reasonable remains might survive. 
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Location of Monuments: The location of monuments was also a factor in the site selection 
process. Monuments on uplands, boglands, and other locations considered not easily 
accessible were excluded. A number of clusters of stone monuments located within a defined 
geographical area (normally determined on the basis of the underlying rock type) were selected. 
The study of clusters enabled the evaluation of a number of different monument types, dating 
from different periods, constructed of the same material. 
 
Background Research: The focus of this phase of desktop research was to gather new data 
rather than carry out exhaustive research into previous archaeological work or descriptions of 
each monument. This confined the study of previous archaeological and other works on the 
sites to a summary of the monument context, and focused on identifying any previous repairs, 
re-constructions and excavations which may have altered their condition. 
 
Phase 2: Rapid Site Surveys: The aim of each site evaluation was to examine the current condition of 
each stone monument through the evaluation of their overall condition, and the identification of their key 
visual indicators of decay. The site survey methodology followed a previously developed process (Pavía 
and Bolton 2001, see Appendix 1). 
 
Design of Template for Data Collection: The inspections of the monuments in the field were 
standardised to a template for data collection developed for this study. This template was 
developed from initial site surveys, and drew on general recommendations for recording 
archaeological sites and monuments in coastal contexts (Dean et al 1995). 
Digital Photographic Record: A digital photographic record was made for each monument. 
The purpose was to record the visual character of each structure comprising a representative 
view; perspective elevation, detail and ornamentation views where relevant; site and context 
views; and specific photography to record deterioration of the structure, the stonework, coastal 
erosion processes and any other relevant issues. 
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Phase 3: Evaluation of Field Data: In order to allow the useful comparison of data collected on the 
deterioration of archaeological monuments from coastal and unpolluted inland environments, the 
following tasks were undertaken: 
 
Data Management: The text and photographic data were collected in digital format and sorted 
into folders for each monument. All photographs were named indicating the site and the detail 
shown as relevant. The folders could be updated and amended as required to include any 
relevant further field data or analytical results. 
 
Scoring System: A scoring system was developed to evaluate and compare the condition of 
each monument condition based on evaluation of the recorded visual indicators of stone decay, 
any structural issues, and the impact of coastal erosion on stone decay where relevant. The 
evaluation followed a previously developed process (Pavía and Bolton 2001, see Appendix II).  
 
Recommendation for More Detailed Study: One of the objectives was to identify either 
particular stone monument types or a single stone type where further more detailed research 
could be undertaken which would best address the overall objectives of this research. 
 
5.3 The Condition of Coastal Archaeological Monuments of the Republic of Ireland 
 
In order to address the objectives set out in Section 5.2, it is necessary to discuss the context and 
background to the development of coastal settlement and coastal monuments. The coastline of Europe 
has been a focus for settlement, population growth and town development from prehistory to the present 
day (Quellenec 1998) and has resulted in a wide range of important archaeological monuments and 
historic buildings constructed along and in close proximity to the shorelines of Europe (the range of 
archaeological monuments types under consideration were treated in Section 3.2). This pattern of 
coastal settlement is also found in the Republic of Ireland from the Mesolithic period onwards 
(O’Sullivan and Sheehan 1996), with increasing intensity of development from the medieval period to 
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the present day. Coastal settlement in Ireland includes ecclesiastical settlements (Edwards 1996), and 
secular settlements, notably the foundation and development of Ireland’s earliest towns (Barry 1988, 
Harbison & O’Brien 1996, Halpin 2000, Moore 2003).  
 
The importance of seaborne trade during the medieval period (Bass 1972, Spencer 1999) led to the 
development of important landing and trading places along the Irish Coast, as for example the 
concentration of medieval tower houses and fortified houses which developed along the coast of Cork 
(Carroll 2001, Power 1992, 1994). The coast also features archaeological sites founded and developed 
especially for maritime activity and the exploitation of coastal resources. These may include medieval 
harbours such as Cromwell’s Castle, Inisbofin, Co. Galway (Pavía and Bolton 2001), landing places 
such as those along Dalkey Sound in Co. Dublin (Bolton, Moran and Tully 2000), “Fish Palaces” (Power 
1992), quays, fish traps, water mills, and lighthouses. However, observations carried out during the 
fieldwork for this study indicates that the majority of the archaeological monuments found along the 
coastline of Ireland have not been specially adapted for proximity to the coast, and are in most cases 
identical to their counterparts located further inland. 
 
Monuments from every period can be found along the coast, but increase in number and diversity as 
time progresses. Archaeological coastal monuments increase in number and diversity from the post-
medieval period onwards to include coastal quarrys, fortifications such as Martello Towers (Clements 
1999) and the construction of new harbours and associated port buildings. The coastal archaeological 
resource in Ireland is currently poorly understood, with publication confined to monographs centred on 
individual sites (Halpin 2000). To date, there has been little consideration of wider issues such as the 
scope, current condition and threats to coastal stone and earthen monuments, sub-aerial archaeological 
deposits, unstratified artefact scatters, shipwrecks, and the submerged archaeological landscapes 
which make up the maritime and coastal heritage of Ireland. Further, there has been no co-ordinated 
study of the scope, potential or any risk to coastal archaeology or coastal monuments in the Republic of 
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Ireland. Coastal stone monuments tend to be mentioned in isolation in the context of coastal erosion, 
with no consideration of the severity of this risk in comparison to other threats to the archaeological 
heritage (Table 5.1). 
 
1.  References in Archaeological Surveys and Reports to Coastal Erosion exposing Sites e.g. the ogham 
stone at Derrynane, Co. Kerry, and a further group of seven ogham stones in Smerwick Harbour, Co. Kerry 
discovered exposed on sandy shores (O’Sullivan and Sheehan 1997). 
 
2.  Summary Excavation Reports undertaken as a Response to Coastal Erosion (e.g. Illaunloughan, Co. Kerry, 
(Walsh 1992), Ballinaskelligs Castle, Co. Kerry (Sheehan 1988, 1991), Innismurray, Co. Sligo (O’Sullivan 1997, 
2000), and Cross Abbey, Co. Mayo (Zajac 1991). 
 
3.  Newspaper Articles regarding Imminent Risk to Coastal Archaeological sites from Coastal Erosion – e.g. 
Goreen Church, Omey Island, Co. Galway (O’Sullivan 1996), Carrigaholt Castle, Co. Clare (McLaughlin 2002). 
 
4.  Occasional References in Archaeological Works to Coastal Erosion: e.g. Ua Croínín & Breen (1994) noted 
early references that “Lord Clare trained his dragoons in front of the castle, on a lawn, long since eroded by the 
waters of the Shannon” at Carrigaholt Castle, Co. Clare. 
 
 Table 5.1: Types of Reference to Coastal Stone Monuments. 
 
 
There is consequently a poor understanding of the condition of archaeological monuments on the coast 
of the Republic of Ireland, and it is not known if these monuments experience greater, lesser or equal 
risk from decay and degradation than comparable monuments located in inland unpolluted 
environments. This contrasts with the increasing international awareness of the range of risks to coastal 
monuments - including coastal erosion and sea-level changes (e.g. Ashmore 1993, Quellenec 1998, 
Sambrook & Williams 1996, Bumbaru et al 2001 & 2003, Dawson 2003), alteration of stone surfaces 
(e.g. Zezza 1996, Fassina et al 1994, Galán and Zezza 2003), salt weathering (e.g. Vicente et al 1996), 
and pressures arising from development of the coast (e.g. Flemming 2004).  This gap in the current 
knowledge of Irish archaeology was addressed through the gathering of new fieldwork data as part of 
this study through evaluation of the threat of coastal erosion (Chapter 4) and building and stone 
deterioration (Chapters 5,6 and 7). 
 
193 
 
5.4 Evaluation of the Current Condition of a Sample of Stone Monuments composed of 
Siliciclastic Rock Types 
 
5.4.1 Siliciclastic Rocks 
 
The term siliciclastic rocks includes conglomerates, sandstones, siltstones and mudstones, all of which 
are sedimentary rocks commonly found throughout the Republic of Ireland. These rock types form a 
significant component of the Irish archaeological record (Wilkinson 1845, Pavía & Bolton 2001). 
Siliciclastic rocks consist of a diverse group of stone types, largely composed of fragments, or clasts, 
derived from pre-existing sedimentary, igneous, and metamorphic rocks. These fragments of other 
stones were released by mechanical and chemical weathering and then transported and partially broken 
down by wind, ice, rivers and other mechanisms before becoming deposited to form the stone types we 
find today (Tucker 1991). These new stone types range from the coarser-grained sandstones and 
conglomerates to the finer-grained siltstones and mudstones. Weathering and transport processes, the 
original geology and the formational processes reflected in these conglomerates sandstones, siltstones 
and mudstones are important factors in evaluating how these stones deteriorate. These rock types are 
broadly defined (after Tucker 1991, Lapidus 2003): 
 
Conglomerates: are coarse-grained clastic sedimentary 
rocks composed of particles >2 mm Ø set in a fine-grained 
matrix of sand and silt and commonly cemented by calcium 
carbonate, silica, iron oxide or hardened clay. Conglomerates 
show rounded particles. If the stone shows angular, broken 
fragments, the rock is termed a breccia. 
Sandstone: is a sedimentary rock composed of fine-grained 
particles (0.062-2 mm Ø) with varying amounts of a fine-
grained matrix of clay or silt. They may contain rock 
 
Fig. 5.1: Conglomerate, Kilmalkeadar Stone 
Cross, Co. Kerry.  
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fragments, but the grains are predominantly individual crystals 
(mainly quartz and feldspar) abraded to varying degrees, and 
commonly cemented by calcium carbonate or quartz. 
Sandstones may be classified according to relative content of 
feldspar, quartz, rock fragments and matrix. 
Siltstone: is a fine-grained sedimentary rock composed of 
fine grains (0.004-0.062 mm Ø), and is the coarsest-grained 
of the mudrocks. 
Mudstone: The term “mudstone” has been used in this study 
to include all mudrocks with a finer-grain than siltstone 
(particles in the clay-silt range <0.004-0.062 mm Ø), and are 
often differentiated by colour, degree of fissility, sedimentary 
structures and mineral, organic and fossil content. 
 
Fig. 5.2: Sandstone, Carndonagh High 
Cross, Co. Donegal. 
 
 
Fig. 5.3: Siltstone, Templebryan Stone 
Circle, Co. Cork. 
 
 
Fig. 5.4: Mudstone Kinneigh Round Tower, 
Co. Cork. 
5.4.2 Location of Evaluated Monuments 
 
Siliciclastic rock types are noted in many parts of Ireland on geological bedrock mapping produced by 
the Geological Survey of Ireland (Long & McConnell 1999, McConnell 1994, Pracht 1996, Pracht & 
Sleeman 2002, Sleeman & McConnell 1995, Tietzsch-Tyler & Sleeman 1994). In order to evaluate a 
representative sample of these rock types in the Republic of Ireland, monuments composed of 
siliciclastic rocks were examined in Counties Clare, Cork, Donegal, Kerry, Laois, Meath, Offaly, Sligo, 
Tipperary, and Waterford. A total of 108 siliciclastic stone monuments were evaluated, including 39 
monuments located at or within 50 metres of the shoreline, and 69 monuments located in inland 
unpolluted environments (Table 5.2). 
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Coastal Inland 
No. Site No. Site No. Site 
1.  Drombeg Stone Circle, Cork 1.  St Flannan's Oratory, Killaloe, Clare 40.  Dunloe Ogham Stones, Kerry 
2.  Burgatia Standing Stone, Cork 2.  St Lua's Oratory, Killaloe, Clare 41.  Lugnagappul Ogham Stones, Kerry 
3.  Gurranes Stone Row, Castletownsend, Cork 3.  Templebryan Stone Circle, Cork 42.  Aghadoe Round Tower, Kerry 
4.  Knockdrum Cashel, Castletownsend, Cork 4.  Ballymacwilliam South Standing Stone, Cork 43.  Aghadoe Church, Kerry 
5.  Kilmonogue Church, Cork 5.  Ballyvorane South Standing Stone, Cork 44.  Gallarus Cross Slab, Kerry 
6.  Ringrone Church, Cork 6.  Darrary Standing Stone, Cork 45.  Gallarus Oratory, Kerry 
7.  Castlehaven Castle, Cork 7.  Knocknahowla Beg Standing Stone, Cork 46.  Kilmalkedar Romanesque Doorway, Kerry 
8.  Old Head Of Kinsale Tower House 8.  Mitchelstown East Standing Stone, Cork 47.  Kilmalkedar Stone Cross, Kerry 
9.  Ringrone Castle, Cork 9.  Cloyne Round Tower, Cork 48.  Kilmalkedar Sundial, Kerry 
10.  Shippool Castle, Cork 10.  Kinneigh Round Tower, Cork 49.  Reask Cross Slab 1, Kerry 
11.  Mountlong Castle, Cork 11.  Britway Church, Cork 50.  Reask Cross Slab  2, Kerry 
12.  Crosshaven House, Cork 12.  Cloyne Cathedral, Cork 51.  Parkonaveal Castle, Kerry 
13.  Lispatrick Upper Signal Tower, Cork 13.  Coole Church, Cork 52.  Rahinnane Castle, Kerry 
14.  Nohoval Coastguard Station, Cork 14.  Coole Abbey, Cork 53.  Castledermot Romanesque Doorway, Kildare 
15.  Ballyellane Lime Kiln, Cork 15.  Farnahoa Church, Innishannon, Cork 54.  Castledermot Round Tower, Kildare 
16.  Crosshaven Lime Kiln 16.  St. Bridget’s Stone & Megaltih, Cork 55.  Killeshin Church, Laois 
17.  Mcswyne’s Castle, Donegal 17.  Aghamarta Castle, Cork 56.  Sleaty Church, Laois 
18.  Rahan Lime Kiln, Donegal 18.  Wallingstown Castle, Cork 57.  Athlumney Tower House, Meath 
19.  Glanleam Standing Stone 19.  Coppingers Court, Cork 58.  Bective Abbey, Meath 
20.  Dunbeg Promontory Fort, Kerry 20.  Kanturk Castle, Cork 59.  Cathedral Of St. Peter & Paul, Meath 
21.  Derrynane  Ogham Stone, Kerry 21.  Monkstown Castle, Cork 60.  Skreen Church, Meath 
22.  Ahamore Abbey, Abbey Island, Kerry 22.  Bishop’s Palace, Raphoe, Donegal 61.  Market Cross, Kells, Meath 
23.  Ballinaskelligs Castle, Kerry 23.  Cloonmore Megalith, Co. Kerry 62.  St. John’s Priory, Newtowntrim, Meath 
24.  Ballycarnahan  Castle, Kerry 24.  Cool East Wedge Tomb, Co. Kerry 63.  Trim Abbey, Meath 
25.  Castlecove Castle, Kerry 25.  Kenmare Stone Circle And Boulder Burial, Co. Kerry 64.  Clonony Castle, Offaly 
26.  Minard Castle, Kerry 26.  Coomnahorna East Standing Stone, Kerry 65.  Creevykeel Court Cairn, Sligo 
27.  Cashel, Innismurray, Sligo 27.  Coomnahorna East Stone Pair, Kerry 66.  Cahir Castle, Tipperary 
28.  Roilig Odhrain, Innismurray, Sligo 28.  Dromkeare Stone Row , Kerry 67.  Roscrea Round Tower, Tipperary 
29.  Leachta Colmcille, Innismurray, Sligo 29.  Eightercua Stone Row, Kerry 68.  St. Cronans Church, Roscrea, Tipperary 
30.  Cross Slab III, Innismurray, Sligo 30.  Garrough Stone Row, Kerry 69.  Ferns Cathedral Chapterhouse, Wexford 
31.  Cross Slab IV, Innismurray, Sligo 31.  Derrynabla Rock Art, Kerry 
32.  Cross Slab V, Innismurray, Sligo 32.  Kealduff Upper Rock Art , Kerry 
33.  Leachta Padhraig, Innismurray, Sligo 33.  Lough Adoon Rock Art, Kerry 
34.  Cursing Stones, Innismurray, Sligo 34.  Lough Adoon Cist Grave, Kerry 
35.  Mens Church, Innismurray, Sligo 35.  Cahergal Stone Fort, Kerry 
36.  Tombstone, Innismurray, Sligo 36.  Derrynane Cashel, Kerry 
37.  Ardmore Cathedral, Waterford 37.  Loher Stone Fort, Kerry 
38.  Ardmore Round Tower, Waterford 38.  Lough Currane Cashel, Kerry 
39.  Dungarvan Castle, Waterford 39.  Staigue Stone Fort, Kerry 
Table 5.2: Evaluated Coastal and Inland Stone Monuments Composed of Siliciclastic Rock Types. 
5.4.3 Siliciclastic Monuments in Coastal Environments 
. 
The current condition of 39 coastal siliciclastic stone monuments (drawn from Table 5.2) is provided 
in Table 5.3. A selection of examples of these monuments showing Mild Stone Decay and Strong 
Stone Decay is given in Sections 5.4.4 and 5.4.5 to give a clearer understanding of the degree of 
loss and deterioration found. The sites were selected during the desktop survey phase (See Section 
2.2), to provide a sample population representative of the wide range of both siliciclastic rock types 
and archaeological stone monument types found in the Republic of Ireland.  
 
No Name Stone Mild Strong 
1. Drombeg Stone Circle, Cork Siltstone *  
2. Burgatia Standing Stone, Cork Siltstone *  
3. Gurranes Stone Row, Castletownsend, Cork Siltstone – Sandstone *  
4. Knockdrum Cashel, Castletownsend, Cork Siltstone – Sandstone *  
5. Kilmonogue Church, Cork Mudstone-Siltstone *  
6. Ringrone Church, Cork Siltstone, Mudstone *  
7. Castlehaven Castle, Cork Mudstone, Siltstone *  
8. Old Head Of Kinsale Tower House, Cork ** Sandstone, Siltstone-Mudstone *  
9. Ringrone Castle, Cork Siltstone, Mudstone *  
10. Shippool Castle, Cork ** Siltstone, Mudstone, Sandstone *  
11. Mountlong Castle, Cork Siltstone, Sandstone, Mudstone *  
12. Crosshaven House, Cork Mudstone, Siltstone, Sandstone *  
13. Lispatrick Upper Signal Tower, Cork Sandstone, Siltstone-Mudstone  * 
14. Nohoval Coastguard Station, Cork Mudstone – Siltstone  * 
15. Ballyellane Lime Kiln, Cork Sandstone *  
16. Crosshaven Lime Kiln Siltstone *  
17. Mcswyne’s Castle, Donegal ** Sandstone *  
18. Rahan Lime Kiln, Donegal Sandstone *  
19. Glanleam Standing Stone, Co. Kerry Mudstone *  
20. Dunbeg Promontory Fort, Co. Kerry Sandstone *  
21. Derrynane  Ogham Stone, Co. Kerry Sandstone *  
22. Ahamore Abbey, Abbey Island, Co. Kerry ** Sandstone, Mudstone  * 
23. Ballinaskelligs Castle, Co. Kerry ** Sandstone, Siltstone, Mudstone *  
24. Ballycarnahan  Castle, Co. Kerry Sandstone, Siltstone *  
25. Castlecove Castle, Co. Kerry ** Sandstone, Siltstone, Mudstone *  
26. Minard Castle, Co. Kerry Sandstone  * 
27. Cashel, Innismurray, Sligo Sandstone *  
28. Roilig Odhrain, Innismurray, Sligo Sandstone  * 
29. Leachta Colmcille, Innismurray, Sligo Sandstone  * 
30. Cross Slab Iii, Innismurray, Sligo Sandstone  * 
31. Cross Slab Iv, Innismurray, Sligo Sandstone *  
32. Cross Slab V, Innismurray, Sligo Sandstone  * 
33. Leachta Padhraig, Innismurray, Sligo Sandstone *  
34. Cursing Stones, Innismurray, Sligo Sandstone  * 
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35. Mens Church, Innismurray, Sligo Sandstone  * 
36. Tombstone, Innismurray, Sligo Sandstone  * 
37. Ardmore Cathedral, Waterford Sandstone *  
38. Ardmore Round Tower, Waterford Sandstone *  
39. Dungarvan Castle, Waterford Sandstone, Conglomerate *  
Total 28 (72%) 11 (28%) 
Table 5.3: Stone Type[s] and Current Condition of Monuments Composed of Siliciclastic Rock Types found in Coastal 
Environments. ** The current condition of the following monuments: the Old Head of Kinsale, Shippool Castle, and 
Castlehaven Castle, Co. Cork, McSwyne’s Castle, Co. Donegal, and Ahamore Abbey, Ballinaskeilligs Castle and 
Castlecove Castle were treated in detail in the previous chapter. 
 
5.4.4 Coastal Siliciclastic Monuments Showing Mild Stone Decay 
 
The case studies provided in Sections 5.4.4.1 to 5.4.4.5 were chosen to illustrate the wide range of 
decay forms found in the different siliciclastic rock types found in archaeological monuments 
including mudstones, siltstones and sandstones. This contrasts with the use of one or a limited 
number of rock types found in more recent architectural heritage buildings (Wyse-Jackson 1994, 
Pavía and Bolton 2000). The case studies include compound stone masonry and mortar structures 
typical of the medieval period, as well as drystone and monolithic  structures found in all periods. The 
purpose of the fieldwork (See Section 2.4) was to evaluate the current condition of the selected 
monuments by recording key visual indicators of decay (See Appendix I), and to build a body of 
knowledge for comparison with similar monuments of similar stone types located in unpolluted inland 
environments. The case studies are referenced to the numbering sequence used in Table 5.3.  
5.4.4.1 Mountlong Castle, Co. Cork 
 
Mountlong Castle is a fortified house built c.1631 (Healy 1988) along a similar ground plan to Kanturk 
Castle in north Co. Cork and shares strong similarities with the contemporary Monkstown Castle, Co. 
Cork (see section 5.4.7.3). The castle is located on gently west-sloping agricultural grassland 
approximately 30 metres from the foreshore at Oysterhaven Creek on the south coast of Co. Cork. 
 
Fig 5.5: General View of Mountlong Castle, Co. Cork. 
 
The castle is composed of a central rectangular block defended by four square towers or flankers at 
each corner. The castle building has three storeys with attics in the gables. Gables are found at all tower 
and main block elevations. The castle was originally entered through a main door at ground floor level in 
the east elevation. A prominent string course is present between floor levels at all elevations. 
Fenestration in the castle includes square and rectangular single and two-light windows, many with 
mullions intact. The windows commonly feature external hood mouldings with stepped terminals. 
Window and door embrasures often contain the remains of timber lintels.  
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The masonry is composed of uncoursed rubble bonded with lime mortar, with dressed quoins. The 
castle was originally rendered with a medium to coarse grained lime-based mix to the exterior masonry. 
Traces of this lime render can be seen in the upper floors of the castle. The interior of the castle shows 
the remains of lime-based internal plastering. The corner towers are single roomed at each floor. 
Elliptical arched fireplace lintels survive in the north wall of the south-east tower and the south wall of 
the north-east tower. A single rectangular chimney stack survives to full height in the north wall of the 
south-east tower. Gun loops are found throughout the castle at ground floor level in the corner towers 
and under many of the windows. 
 
Stone: Mudstone predominates throughout the masonry of the castle, though siltstone and limestone 
were also found in lesser amounts. Silver, grey, black and light green mudstones predominate, often 
displaying sand lenses and lamination. The siltstones are light grey to green, and show fractures and 
quartz veins. The quartz veins are both parallel and perpendicular to the bedding. Scattered orange to 
light brown sandstone is also present. This material was probably sourced locally from the Kinsale 
Formation of the Cork Group, aged Carboniferous (Dinantian).  A limestone was used for architectural 
elements such as the prominent string course found at all floors. This limestone is light grey and varies 
from massive and crystalline to laminated and finely grained. The massive and crystalline limestone 
variety is used for quoins as well as door and window elements. The laminated limestone is evident at 
the string courses. It is possible that the limestone was not sourced locally. It was probably brought to 
the site from adjacent Carboniferous Limestone Formations.  The nearest limestone formations are 
approximately 10 kilometres north of the site. 
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Fig 5.6: General View of the Mudstone Predominating to the 
Rubble Masonry of Mountlong Castle. 
 
Fig 5.7: Detail of Rubble Masonry Showing Flasher 
Bedding, Mountlong Castle, Co. Cork. 
Decay: Previous survey work (Power 1994) showed the castle to have experienced major collapses to 
the west wall of the main block, and to the north-west and south-west towers. Fieldwork evaluations at 
the site in 2002 showed new losses of material – most recently to the south-east angle of the north-east 
tower where the upper section of chimney stack and the angle masonry has collapsed. A significant 
number of structural cracks were recorded during this survey and the castle is at risk of further major 
collapses in the short-term. The south-east tower in particular shows major structural cracks and 
structural movement at the east and south elevations and the dislodgement of windows at the first floor 
and attic. Structural movement has also led to the fracturing of window lintels in a number of locations. 
Major structural cracks were also noted to the north elevation of the north-east tower.  
 
In addition to the decay of the structure, the stone types comprising the fabric of the castle also show 
varying degrees of decay. The limestone used for architectural detail commonly shows fracturing along 
lamination.  This was noticeable at the string courses and also in scattered blocks. The mudstones of 
the masonry show differential erosion. The siltstones show dissolution along fractures.  Preferential 
dissolution is also taking place along quartz veins. Opening of natural fractures due to wall load was 
also noted in the siltstones.  
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Fig 5.8: Vertical Cracking to the South-
East Tower Posing a Significant 
Structural Risk. 
Fig. 5.9: Detail of Second Floor Window 
Shown in Fig 5.8 Showing Wall 
Displacement. 
Fig. 5.10: Collapse of the South-East 
Angle of the North-East Tower (Post-
1994). 
 
Summary: The monument is classified as fragmentary standing, featuring mild stone decay and strong 
structural damage. The site requires urgent conservation works to prevent further significant collapse of 
the fabric. The general decay forms affecting these stones are summarised in Table 5.4. 
 
Major stone types Mudstone and Siltstone (90%) Limestone (10%) 
Mudstone Siltstone 
Surface colour range Silver, grey, black, light green Light grey and green. Light grey 
Significant decay forms Scaling, flaking, differential 
erosion, oxidation, fracturing, 
alveolar erosion. 
Dissolution, fracturing. Fracturing 
Table 5.4: Key Stone Types and Decay Forms Noted to Mountlong Castle, Co. Cork. 
 
 
5.4.4.2 Kilmonogue Church, Co.Cork 
 
Kilmonogue Church, a medieval two-chamber church of uncertain date, is located approximately 30 m 
from the foreshore at Oysterhaven, Co. Cork. Mountlong Castle (section 5.4.4.1 above) lies further 
upstream, approximately one kilometre to the north-west of the site. The church lies within a sub-
rectangular graveyard enclosure enclosed by a stone wall to the south bordering the road, and 
elsewhere by an earthen bank.  
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The remains of the church consist of the chancel, chancel arch and the foundations of the nave. The 
walls of the chancel vary in height from one metre to near full height. The masonry of the south-west 
corner of the chancel has been recently reconstructed and bonded with portland cement based mortar. 
The interior of the chancel is filled with collapsed masonry and vegetation. The chancel arch is in situ 
but is covered with an extensive growth of ivy. The walls of the nave survive to a height of approximately 
0.5 metres and are covered in earth and grass. It was not possible to closely inspect the window 
openings and other architectural features of the site due to heavy vegetation cover. 
 
Stone: The church is heavily overgrown and only small sections of exposed masonry could be 
assessed. Mudstones appear to predominate in the fabric of the church. Siltstone and limestone are 
also present in small amounts.  The mudstone shows lamination, and the siltstones show fractures and 
quartz veins. The building stone is mostly local, and the local mudstone is exposed approximately 30 
metres away from the church, on the east shore of Oysterhaven. This material is aged Carboniferous 
(Dinantian) and belongs to the Kinsale Sandstone Formation of the Cork Group. 
  
Fig. 5.11: Chancel Arch Featuring
Intense Biological Colonisation, 
Kilmonogoe Church, Co. Cork. 
Fig. 5.12: Section of Collapsed
Masonry, Kilmonogoe Church, Co. 
Cork. 
Fig. 5.13: The Local Bedrock Visible on the 
Shores of Oysterhaven, Kilmonogoe, Co. 
Cork. 
 
Decay: Intense biological colonisation in the form of higher order species including grasses, flowering 
plants and ivy cover the surviving structure of the church. A small tree is growing on the southern end of 
the chancel arch. In the rebuilt section of masonry at the south-west corner of the chancel, some of the 
masonry blocks show indications of tidal abrasion suggesting that they may have been gathered from 
the adjacent landing place at Oysterhaven. 
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Summary: The site can be classified as fragmentary standing, featuring mild stone decay and mild 
structural damage. The general decay affecting the stone masonry is summarised in Table 5.5. 
 
Major stone types Mudstone/Siltstone  Limestone 
Surface colour range Silver, grey, black and light green 
 
Light grey. 
Significant decay forms Biological colonisation, exfoliation, 
fracturing, and flaking. 
Biological colonisation, scaling, 
oxidation. 
Table 5.5 Key Stone Types and Decay Forms Noted to Kilmonogue Church, Co. Cork. 
 
 
5.4.4.3 Glanleam Standing Stone, Co. Kerry 
 
Glanleam Standing Stone is located in an exposed coastal environment at Fort Point at the north-east 
end of Valentia Island and is surrounded by semi-natural grassland. The standing stone lies within the 
defences of Cromwell’s Fort - a stone blockhouse of apsidal plan built c.1653 on a promontory to control 
the approaches to Valentia Harbour (O’Sullivan and Sheehan 1996). The fort is currently the site of a 
nineteenth century lighthouse. The standing stone measures approximately 3.5 metres high, 1.4 metres 
wide and 0.3 metres deep. This is one of ninety-five standing stones found on the Iveragh peninsula of 
Co. Kerry (Bolton 2008). The orthostat is supported by a smaller stone standing oblique, with an iron 
fitting inserted into the standing stone to hold the support-stone in place.  
 
Stone: The stone is fine-grained, laminated, silvery-purple siltstone, and settled with the laminae 
vertically aligned.  The material is of local origin, and probably belongs to the Valentia Slate Formation, 
aged upper-middle Devonian.  
 
Decay: The mudstone features intense biological colonisation in the form of lichen coverage.  The 
edges of the stone show minor flaking.  Dissolution is progressing along the vertical laminae however, 
the material is cohesive and attached to the substrate. The iron fitting inserted into the stone shows 
oxidation. 
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Fig. 5.14: General View of Glanleam Standing Stone 
Showing Cromwells Fort and Lighthouse and the 
Approaches to Valentia Harbour. 
Fig. 5.15: Detail of the Mudstone Surface of Glanleam 
Standing Stone Showing Intense Lichen Coverage, 
Flaking and Dissolution of the Stone Surface. 
 
Summary: The monument was classified as standing, featuring mild stone decay. The decay affecting 
the stone is summarised in Table 5.6. 
 
Major stone type(s) Mudstone 
Surface colour range  Purple, silvery 
Significant decay forms Biological colonisation, dissolution, flaking. 
Table 5.6: Key Stone Types and Decay Forms Noted to Glanleam Standing Stone, Co. Kerry. 
 
 
5.4.4.4 Derrynane Ogham Stone, Co. Kerry 
 
Derrynane Ogham Stone is located on marshy ground at the high water mark, approximately fourteen 
metres from a small tidal stream and 30 m from the sandy shore. The stone is located in a coastal 
environment and surrounded by sandy dunes and agricultural grassland. The stone was found partially 
buried on Derrynane strand and was erected in this position by the Office of Public Works during the 
1940s (O’Sullivan and Sheehan 1996). The monument consists of a single upright unhewn stone 
measuring approximately 2.1 metres high, 0.5 metres wide and 0.4 metres deep, with a weathered 
inscription in ogham on one edge.  
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Stone: The stone is a fine-grained, light purple, beige and grey, laminated sandstone with purple 
mudstone clasts. The bedding is vertically aligned. The sandstone shows alternations of finer grain 
sizes.  Clay-grade material occurs along the joints. This sandstone has natural fractures perpendicular 
as well as slightly oblique to the sedimentary bedding. The material was probably sourced locally, and 
belongs to the local Devonian Sandstone Formations (probably the Valentia Slate Formation or the St. 
Finian’s Sandstone Formation).  
  
Fig. 5.16: General View Showing Derrynane Ogham Stone 
at the High Water Mark. 
5.17: Detail Showing Derrynane Ogham Inscription, and 
Fracturing Along the Bedding Leading to Scaling. 
 
Decay: The surface of the stone features a pattern of fractures. The fractures running along the bedding 
are enlarged by dissolution and large scales are developing as a result. Enlarged fractures are running 
as deep as 4 cm.  The mudstone clasts embedded in the sandstone are compact and laminated, stand 
proud from the rest of the rock surface due to weathering.  Very small alveoli, colonization by lichen, bird 
excrement and etched graffitti are also present.  The alveoli have developed in the side facing the sea. 
Flaking is present to this side of the stone, and is also affecting the inscription.  
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Summary: The site was classified as standing, featuring mild stone decay. The stone is located on low-
lying marshy ground immediately adjacent to the sea and is at risk from coastal erosion and sea level 
rise. The general decay affecting this sandstone is summarised in Table 5.7. 
 
Major stone type(s) Sandstone 
Surface colour range Light purple, beige and grey. 
Significant decay forms Fracturing, dissolution, scaling, biological colonisation, alveolar erosion, 
vandalism, flaking, staining. 
Table 5.7: Key Stone Types and Decay Forms Noted to the Derrynane Ogham Stone, Co. Kerry. 
 
 
5.4.4.5 Ballycarnahan  Castle, Co. Kerry 
 
Ballycarnahan Castle is situated on a rocky knoll overlooking Derrynane Bay to the south-west. The 
castle is located in an exposed coastal environment in an area of improved agricultural grassland. A 
nineteenth-century building in use as stables is located immediately to the south of the castle.  
 
The castle consists of a rectangular tower house measuring approximately 11 metres long by 8.5 
metres wide, standing approximately five metres high, and orientated approximately north-east to south-
west. Two storeys of an original three currently survive. The externally battered walls were constructed 
using internal and external faces of uncoursed masonry bonded with a medium to coarse-grained lime-
based mortar enclosing a rubble and mortar wall core. A wide variety of dimensions of rubble masonry 
were used from roughly dressed boulders, blocks, slabs and split stone rubble. Roughly dressed quoins 
are found at all angles. Traces of external and internal renders were also noted. 
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Fig. 5.18: General View of Ballycarnahan Castle, Co. Kerry. 
 
The original doorway was located in the eastern elevation which now features a broad breach. A 
portion of the door jambs and lintel as well as a relieving arch above have survived. The remains of a 
cross-wall protruding from the north and south walls is situated immediately inside the doorway. The 
north, south and west ground floor elevations each contain a single loop with splayed ingoings and 
lintelled rear arches. At second floor level, these elevations incorporate splayed loops accomodated in 
rectangular embrasures with segmented rear arches. The stairwell in the north-east corner of the 
castle is breached to the south exposing the spiral steps. The stairwell area contains a low splayed 
ope, possibly a gun loop defending the doorway. Thirteen corbels survive to the internal wall surface of 
the north and south elevations indicating the former presence of timber flooring to the first and second 
floors of the castle. 
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 Fig. 5.19: Stairwell to the NE Corner of 
Ballycarnahan Castle. 
Fig. 5.20: General View of the Sand/Silt Grade Silicasltic Rock Used as 
Rubble Masonry Throughout, Ballycarnahan Castle. 
 
Stone: The main building stone is a purple and green sand/silt rock.  It varies from a medium-grained, 
massive sandstone with vein quartz to a finely-grained siltstone with well-developed lamination. The 
stones range from coarse-grained massive sandstones showing quartz veins, to others which are more 
fine-grained showing marked bedding. The material is local, and probably belongs to the St. Finian’s 
Sandstone Formation, and the Valentia Slate Formation aged middle Devonian.  
 
Decay: The coarser-grained, massive sandstone shows occasional scaling whereas the finely-grained, 
bedded stone displays stronger scaling and fracturing. The lintel stone of the doorway has lost an 
significant amount of material through scaling and flaking along the natural lamination. The sandstone 
also occasionally shows alveolar erosion. Abundant dry joints were recorded in the north elevation. A 
calcite coating produced by weathering mortar is found in some areas, coating the internal masonry. 
The interior of the castle is overgrown with higher order species including flowering plants and ivy. The 
internal masonry surface features mosses on the lower courses, and the wall-tops, horizontal  surfaces 
and dry joints have been exploited as habitat by grasses, creepers and flowering plants. Lichen and 
algal growth were commonly noted on the internal masonry. The external masonry is commonly 
colonised by lichens, occasional moss and scarce higher order species. The north-east angle of the 
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tower has lost an important amount of material through the collapse and loss of quoins and adjoining 
outer rubble skin of the wall, exposing the rubble core. The existing masonry mortars in this area are 
probably original, and remain in very good condition. 
 
Summary: The site was classified as fragmentary standing, featuring mild stone decay. The castle is at 
risk of further structural collapse. The decay affecting the stone masonry is summarised in Table 5.8. 
Major stone type(s) Sandstone, siltstone 
Surface colour range Green and purple 
Significant decay forms Biological colonisation, scaling, fracturing, abrasion, alveolar erosion, dry joints, 
missing masonry. 
Table 5.8: Key Stone Types and Decay Forms Noted to Ballycarnahan Castle, Co. Kerry. 
 
 
5.4.5 Coastal Siliciclastic Monuments showing Strong Stone Decay 
 
A proportion of siliclastic monuments found along the coast were found to have strong decay, leading 
not only to the deterioration of stone surfaces and individual stone units, but also progressing in some 
instances to stone loss which threatened the structural integrity of the monument. 
 
5.4.5.1 Minard Castle, Co. Kerry  
 
Minard Castle is situated on top of an earthen mound enclosed by a dry-stone wall, on a level terrace 
with rocky sea cliffs bordering the site to the south. The castle is located in an exposed coastal 
environment in an area of improved agricultural grassland overlooking Dingle Bay to the south. A storm 
boulder beach is located at the cove below the site. The sixteenth century castle was the last in a series 
of strongholds constructed by the FitzGeralds, Knights of Kerry, and suffered serious damage from 
Cromwellian forces c. 1650 (Cuppage 1986). 
 
The castle consists of a rectangular tower house measuring approximately 15.2 metres long and 12.3 
metres wide, and orientated approximately east-west. Three storeys currently survive, however, a fourth 
or gabled attic storey may also have existed. The castle features ogee-headed and lintelled narrow 
windows and an angle loop is found at second-floor level in the north-east angle. The entrance was in 
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the eastern elevation, now collapsed above the ground floor. The interior shows a build-up of masonry 
blocks, sod and vegetation cover. The wall thickness reduces at first-floor level, and this construction 
detail was also noted at Castlecove Castle and Ballinskelligs Castle on the Iveragh Peninsula. 
 
The ground and first floors feature double-splayed narrow opes set in rectangular embrasures with 
segmental rear arches positioned centrally in the north, south and west elevations. A spiral staircase is 
located in the south-west angle at first-floor level, and the north-west angle incorporates the garderobe. 
The eastern end of the castle features three mezzanine floors accommodating mural passages and 
chambers. The tower originally featured a segmental vault at ground floor level, and a second vault 
existed to the second mezzanine level to the eastern elevation. The other floor levels were carried on 
timber beams evidenced by the presence of abundant sandstone corbels to the interior wall fabric. The 
set-back fireplace is the only surviving example on the Dingle peninsula, and is located at first-floor level 
slightly off-centre to the east in the northern wall. The carved stone engaged columns supporting the 
cracked and broken mantle remain in situ. 
  
Fig. 5.21: General View of Minard Castle, Slighted by 
Cromwellian Forces c.1650. 
Fig. 5.22: Interior Wall Surfaces Showing Biological 
Colonisation to Horizontal Surfaces and Surviving Stone 
Features including Corbels. 
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The castle was built of sandstone ashlar masonry, however, occasional beach cobbles are inserted in 
the wall core. The externally battered walls were constructed using internal and external faces of 
dressed ashlar masonry bonded with a medium to coarse-grained lime-based mortar enclosing a rubble 
and mortar wall core. A significant proportion of the rubble is made up of water-rolled cobbles and 
boulders, mainly composed of sandstone. The ashlar masonry is of good quality and includes a 
significant amount of fine dressings and carvings at the fireplace, windows and doors.  
 
The remains of medium to coarse-grained lime-based renders, probably original to the building, survive 
internally to all storeys.  However, the ground floor renders are in the best condition. Traces of wicker 
centering are evidenced on the ground floor vault and to both surviving sections of the vaults. 
 
Stone: Minard Castle was built with a medium-grained, purple-red sandstone, occasionally variegated, 
with occasional crossed lamination and colour lamination defined by changes in colour to light brown. 
The exposed rubble core of the castle commonly features water-rolled purple-red sandstone cobbles 
and boulders, suggesting that much of the building material used in the construction for the castle was 
taken from the adjacent beach area. The material is probably local, and belongs to the Kilmurry 
Sandstone Formation of the Caherbla Group, aged Lower Devonian.  
 
Decay: The castle features extensive structural damage in the form of major and minor open structural 
cracking, collapsed sections and the loss of sections of masonry. All surviving elevations display major 
structural cracking. An open structural crack runs the full height of the eastern elevation, and other 
major faults are found. The north elevation also shows a structural crack exploiting the weaknesses of 
the windows running from ground floor level to the wall-top. The western elevation is breached from 
ground-level to the wall tops. The external ashlar masonry face at ground-floor level has been lost. 
However, the wall core and internal wall surface survive. The angles of the tower house have been 
undermined at ground floor level, probably due to damage suffered c.1650. The outer face has been lost 
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in these areas, exposing the rubble and mortar wall core. Stone erosion is enlarging the dressing marks 
on the ashlar surface. Some ashlar have developed strong alveolar erosion, while others show 
differential erosion along the bedding and some have lost a significant amount of material. The carved 
engaged columns of the fireplace show loss of carved detail due to dissolution. The mantle has lost a 
significant amount of material and shows spalling, cracking and fracturing. Dry jointing was common to 
both internal and external wall surfaces. 
 
Fig. 5.23: Vertical Structural Crack to the East Elevation, 
Minard Castle, Co. Kerry. 
Fig. 24: Lost Quoins to the Battered Angles, Minard 
Castle, Co. Kerry. 
 
Internally, the wall surfaces show local structural cracking and loss of masonry units adjacent to the 
window embrasures. The south elevation is partially collapsed. The remains of collapsed vaults can be 
traced to the interior of the tower. The roof to the embrasure of the second-floor window in the eastern 
elevation is collapsed. On the first floor, the segmental arch window embrasures to the north and east 
elevations have lost a number of cut stone voussoirs due to the presence of structural fractures. The 
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second floor area is partially collapsed. The interior also shows a build up of collapsed masonry blocks 
overlain with earth, sod and vegetation cover. 
 
The interior of the Castle has been intensively colonized by higher order species including flowering 
plants, grasses, creepers and other. The internal masonry surface commonly features intense algal 
coverage to the ground-floor level. The wall-tops, horizontal  surfaces of the upper floors, and dry joints 
have been exploited as habitat by grasses, creepers and flowering plants. Lichen and algal growth were 
commonly noted to the internal masonry. The external masonry is commonly colonised by lichens and 
scarce higher order species. 
 
Summary: The monument was classified as fragmentary standing, featuring mild to strong stone decay 
and strong structural damage. The castle is at risk of further structural collapse. The decay affecting the 
sandstone is summarised in Table 5.9. 
Major stone type(s) Sandstone 
Surface colour range Red-purple 
Significant decay forms Biological colonisation, scaling, fracturing, abrasion, alveolar erosion, dry joints, 
dissolution, missing masonry 
Table 5.9: Key Stone Types and Decay Forms Noted to Minard Castle, Co. Kerry. 
 
5.4.5.2 Lispatrick Upper Signal Tower, Co. Cork  
 
The signal tower at Lispatrick Upper is situated in agricultural grassland with the rocky sea cliffs of the 
Old Head of Kinsale promontory to the east and west of the site. The tower overlooks the tower house, 
bawn wall and defensive fosse of the Old Head of Kinsale (this tower house and bawn wall was 
previously described in Section 4.5.2).  The two storey tower is pentagonal in plan with the north 
elevation angled to a centre point to accommodate the stone chimney. The tower was constructed of 
uncoursed rubble masonry and plastered internally. The exterior of the tower was lime rendered and 
weatherboarded with hung slate – of which a significant amount survives.  
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Fig. 5.25: The Signal Tower at Lispatrick Upper on the Old 
Head of Kinsale, Co. Cork. 
Fig. 5.26: Detail Showing Remains of a Bartizan and 
Weather-hung Slate, Lispatrick. 
 
The original doorway is located at first-floor level under a four-corbelled machicolation in the south 
elevation. Largely eroded bartizans are found to the north-east and north-west corners. The tower is 
currently accessed through a segmental arched ground floor door in the west elevation. The east 
windows also have segmental arches. The ground floor window to the east elevation, and the two 
windows to each of the east and west elevations of the first floor opes are lintelled. The interior shows 
ground and first floor fireplaces to the north elevation, and internal renders and joist holes also survive. 
 
Stone: As the exterior of the tower is almost completely rendered, only the exposed stone on the west 
elevation of the tower was recorded. Sandstone predominates in the fabric of the tower, with a lesser 
proportion of siltstone and mudstone. The sandstone is usually planar bedded and occasionally flaser 
bedded. It shows a wide range of colours (see Table 5.10). A dark-grey to black, finely laminated 
mudrock, and a light green siltstone with iron oxidation and quartz veins were also recorded.  The 
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material was sourced locally and is aged Dinantian (Carboniferous).  It probably belongs to the Kinsale 
Formation of the Cork Group.  
 
Decay: The stone locally displays strong weathering and a biological patina. Of all elevations, the west 
features the strongest weathering. Here, the stone is largely free from weathering patinas and the 
amount of material loss is significant. Also in the western elevation, the rendering mortars and hung 
slate are largely lost. Spalls to quoins were also noted. The sandstone shows material loss through 
differential erosion favored by the flasher bedding.  This is leading to nodules standing proud of the 
surface of the stone.  The mudstone shows scaling along lamination. 
 
Fig. 5.27: General View of the Exposed Predominantly 
Sandstone Rubble Masonry, Lispatrick Signal Tower, Co. 
Cork. 
Fig. 5.28: Significant Loss of Surface Material Seen as 
Alveolar Erosion to the Exposed West Elevation Lispatrick 
Signal Tower, Co. Cork. 
 
Summary: The site was classified as standing, featuring strong stone decay and mild structural 
damage. The general decay affecting the stone masonry is summarised in Table 5.10. 
Major stone types  Sandstone (60-70%), Siltstone/Mudstone (30-40%) 
Siltstone Mudstone 
Surface colour range White, grey, green, orange, red, light purple, 
light brown. 
Light green  Grey to black. 
Significant decay forms Oxidation, granular disintegration, differential 
erosion, scaling. 
Oxidation  Scaling 
Table 5.10: Key Stone Types and Decay Forms Noted to Lispatrick Signal Tower, Co. Cork. 
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5.4.5.3 Nohoval Coastguard Station and Lime Kilns, Co. Cork 
 
The site consists of a built complex comprising two lime kilns and a house which functioned as a 
coastguard station. The site is located in a coastal environment with woodland and agricultural 
grassland to the valley to the north, and opening into a cove flanked by high rocky cliffs to the south. 
The cliff faces are all actively undergoing coastal erosion and the cove beach is fronted by a mobile 
cobble element above a sandy substrate. A small stream with a rock-cut channel runs drains the site 
immediately to the east. 
 
Fig. 5.29: General View of the Coastguard Station and The Southern Kiln at Nohoval, Co. Cork. 
 
The coastguard station was originally a two-storey three-chamber house with a gable roof. Immediately 
to the north of the coastguard station is the first of two lime kilns. This southern kiln has a double 
segmental arch, with a brick arch below a stone arch. Yellow clay brick was used for the inner 
segmental arch. The east-facing draw arch is filled with collapsed masonry from the stoking hole above.  
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The second kiln to the north is composed of a south-facing draw arch with a retaining wall to the west 
forming the ramp to the charging platform and stoking hole above. The draw arch shows beam holes 
and the outline of a lean-to roof above. The top of the kiln shows the remains of a crennelated parapet. 
All buildings in the complex were mainly constructed with uncoursed rubble masonry of local stone. A 
number of the buildings show traces of a coarse exterior lime-based render. 
 
Stone: The same stone types are found in all buildings within the complex, though exhibiting slight 
variations. The predominant building materials are mudstones and siltstones.  The mudstones are dark 
grey to black and laminated. They occasionally contain lenticular nodules. The siltstones are green, grey 
and purple. They are often laminated and include quartz veins. The material is local, consistent with the 
rock seen in the adjacent cliff faces, and probably belongs to the Kinsale Formation of the Cork Group, 
aged Carboniferous (Dinantian). 
 
Decay: The south elevation of the north kiln was repointed and is currently affected by mortar leaching. 
The mortar leaching probably originates from the mortar used for repointing. The east elevation of the 
north kiln shows dry joints and strong stone decay including significant flaking with material loss leading 
to differential erosion. The siltstones display differential erosion along lamination and quartz veins, 
opening of and dissolution along natural fractures. The stone fractures are both parallel and 
perpendicular to the bedding. Structural fractures of small scale, originating from the strong stone 
decay, are also present in the north kiln.  The south kiln shows abundant dry joints and has lost 
voussoirs to both the stone and the brick segmental arches. The arched recess is partially infilled with 
masonry collapse. Occasionally, masonry blocks are incorrectly positioned. 
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Fig. 5.30: Deteriorating Arch of the Southern Kiln, Nohoval. 
 
The coastguard station has lost most of the east elevation and the overgrown interior is filled with 
masonry collapse. The building also shows signs of recent collapses to the surviving segments of the 
exterior east wall and the internal partition walls. The east wall of the southern chamber shows 
extensive dry jointing and a structural crack is present to the south-west corner. 
  
The overall site has undergone deterioration in recent years. The rubble wall immediately south of the 
northern kiln has collapsed since the last inspection in 1983 (Power 1994), and fresh falls of masonry 
units were noted. Dry jointing is extensive and the surviving lime mortar is in poor condition and is 
rapidly being lost.  
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Fig. 5.31: The Northern Kiln, Showing
Missing Masonry Units, Nohoval, Co.
Cork. 
Fig. 5.32: Extensive Dry Jointing is
Leading to Structural Instability,
Nohoval, Co. Cork. 
Fig. 5.33: Strong Stone Decay Including 
Significant Flaking with Material Loss 
Leading to Differential Erosion, Nohoval, 
Co. Cork. 
 
Summary: The site was classified as fragmentary standing, featuring mild to predominately strong 
stone decay and strong structural damage. The general decay affecting the stone masonry is 
summarised in Table 5.11. 
Major stone types Mudstone Siltstone  
Surface colour range Green, black, light grey and purple. 
 
Grey, green and purple. 
Significant decay forms Strong granular disintegration, flaking, 
differential erosion and oxidation. 
Differential erosion, fracturing, dissolution 
and oxidation. 
Table 5.11: Key Stone Types and Decay Forms Noted to Nohoval, Co. Cork. 
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5.4.6 Siliciclastic Monuments in Unpolluted Inland Environments 
 
The current condition of 69 siliciclastic stone monuments located in unpolluted inland environments are 
provided in Table 5.12. A selection of examples showing ‘Mild Stone Decay’ and ‘Strong Stone Decay’ 
are given in the sections below to give a clearer understanding of the degree of loss and deterioration 
found. 
No Name Stone Mild Strong 
1. St Flannan's Oratory, Killaloe, Co. Clare Sandstone *  
2. St Lua's Oratory, Killaloe, Co. Clare Sandstone *  
3. Templebryan Stone Circle, Co. Cork Siltstone *  
4. Ballymacwilliam South Standing Stone, Co. Cork Siltstone *  
5. Ballyvorane South Standing Stone, Co. Cork Siltstone *  
6. Darrary Standing Stone, Co. Cork Siltstone *  
7. Knocknahowla Beg Standing Stone, Co. Cork Siltstone *  
8. Mitchelstown East Standing Stone, Co. Cork Siltstone *  
9. Cloyne Round Tower, Co. Cork Mudstone-silstone, Sandstone *  
10. Kinneigh Round Tower, Co. Cork Mudstone *  
11. Britway Church, Co. Cork Sandstone *  
12. Cloyne Cathedral, Co. Cork Mudstone - Sandstone *  
13. Coole Church, Co. Cork Sandstone *  
14. Coole Abbey, Co. Cork Sandstone *  
15. Farnahoa Church, Innishannon, Co. Cork Siltstone, Sandstone *  
16. St. Bridget’s Stone & Megaltih, Co. Cork Sandstone *  
17. Aghamarta Castle, Co. Cork Sandstone *  
18. Wallingstown Castle, Co. Cork Siltstone, Sandstone *  
19. Coppingers Court, Co. Cork Sandstone -  siltstone *  
20. Kanturk Castle, Co. Cork Sandstone *  
21. Monkstown Castle, Co. Cork Siltstone, sandstone, mudstone *  
22. Bishop’s Palace, Raphoe, Co. Donegal Sandstone *  
23. Cloonmore Megalith, Co. Kerry Sandstone, mudstone *  
24. Cool East Wedge Tomb, Co. Kerry Mudstone *  
25. Kenmare Stone Circle And Boulder Burial, Co. Kerry Sandstone *  
26. Coomnahorna East Standing Stone, Co. Kerry Sandstone – siltstone *  
27. Coomnahorna East Stone Pair, Co. Kerry Sandstone – siltstone *  
28. Dromkeare Stone Row , Co. Kerry Sandstone *  
29. Eightercua Stone Row, Co. Kerry Sandstone – siltstone, mudstone *  
30. Garrough Stone Row, Co. Kerry Sandstone – siltstone *  
31. Derrynabla Rock Art, Co. Kerry Sandstone  * 
32. Kealduff Upper Rock Art , Co. Kerry Sandstone  * 
33. Lough Adoon Rock Art, Co. Kerry Sandstone  * 
34. Lough Adoon Cist Grave, Co. Kerry Sandstone *  
35. Cahergal Stone Fort, Co. Kerry Sandstone, silstone *  
36. Derrynane Cashel, Co. Kerry Sandstone, mudstone *  
37. Loher Stone Fort, Co. Kerry Sandstone, siltstone, mudstone *  
38. Lough Currane Cashel, Co. Kerry Sandstone – siltstone *  
39. Staigue Stone Fort, Co. Kerry Sandstone – siltstone *  
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40. Dunloe Ogham Stones, Co. Kerry (8 inscribed stones) Sandstone *  
41. Lugnagappul Ogham Stones, Co. Kerry (2 stones) Sandstone *  
42. Aghadoe Round Tower, Co. Kerry Sandstone, siltstone  * 
43. Aghadoe Church Sandstone, siltstone  * 
44. Gallarus Cross Slab Sandstone  * 
45. Gallarus Oratory Conglomerates, Sandstone *  
46. Kilmalkedar Romanesque Doorway Sandstone, conglomerate  * 
47. Kilmalkedar Stone Cross Sandstone, conglomerate *  
48. Kilmalkedar Sundial Sandstone, conglomerate *  
49. Reask Cross Slab 1 Sandstone *  
50. Reask Cross Slab  2 Sandstone *  
51. Parkonaveal Castle Siltstone, sandstone *  
52. Rahinnane Castle Sandstone, siltstone, mudstone *  
53. Castledermot Romanesque Doorway, Kildare Siltstone  * 
54. Castledermot Round Tower, Kildare Siltstone *  
55. Killeshin Church, Laois Siltstone & Sandstone *  
56. Sleaty Church, Laois Siltstone *  
57. Athlumney Tower House, Meath Sandstone *  
58. Bective Abbey, Meath Sandstone  * 
59. Cathedral Of St. Peter & Paul, Meath Sandstone  * 
60. Skreen Church, Meath Sandstone  * 
61. Market Cross, Kells, Meath Sandstone *  
62. St. John’s Priory, Newtowntrim, Meath Sandstone *  
63. Trim Abbey, Meath Sandstone *  
64. Clonony Castle, Offaly Sandstone – siltstone *  
65. Creevykeel Court Cairn, Sligo Sandstone *  
66. Cahir Castle, Tipperary Sandstone, conglomerate *  
67. Roscrea Round Tower, Tipperary Sandstone  * 
68. St. Cronans Church, Roscrea, Tipperary Sandstone, conglomerate  * 
69. Ferns Cathedral Chapterhouse, Wexford Sandstone *  
Total 56 (81%) 13 (19%) 
Table 5.12: Stone Type[s] and Current Condition of Monuments with Siliciclastic Rock Types Found in Unpolluted Inland 
Environments 
 
5.4.7 Siliciclastic Monuments in Unpolluted Inland Environments Showing Mild Stone Decay 
 
5.4.7.1 Coole Abbey, Co. Cork 
 
Coole Abbey lies on a gently south-sloping area of agricultural grassland with a machine-levelled area 
immediately north and west of the building. The church is located within a sub-rectangular graveyard 
enclosed by a stone-faced earthen bank. Coole Church lies approximately 150 metres south-west. The 
interior of the church is heavily overgrown and contains overgrown mounds and scattered fragments of 
collapsed masonry. 
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Fig. 5.34: Coole Abbey, Co. Cork, Showing Intense Biological Colonisation. 
 
The church consists of an original single-cell church with a later chancel added to the east wall. The 
church is composed of ashlar and rubble masonry. The masonry is irregular in size and arrangement 
and sections of the church have been subject to previous interventions.  The lower courses of antae 
survive at either end of the north wall of the nave. The east gable of the chancel features a pronounced 
base batter. A pointed chancel arch of ashlar masonry has been inserted into the wall fabric, probably in 
the position of the original west window of the nave.  Traces of internal lime-based render survive on the 
wall surface adjacent to the chancel arch. The church features lintelled and slit windows, and a twin 
ogee-headed window survives in the eastern gable, though the mullion is missing. 
 
Stone: The church is built of sandstone ashlar and rubble masonry. The sandstone displays a variety of 
colours (see Table 5.13) due to weathering. It is predominantly fine to medium-grained, locally 
conglomeratic. Occasional laminated mudstone and siltstone are also included in the fabric in small 
amounts. The sandstone shows parallel lamination and planar cross bedding. Channels of a more 
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siliceous composition and quartz veins were also noted. The material is of local origin and was probably 
sourced from the Upper Devonian, Old Red Sandstone Formations. It is possible that the stone was 
sourced from the Ballytrasna and/or the Gortanimill Formations. 
 
Decay: Differential erosion has led to outstanding siliceous channels. Differential erosion is also taking 
place along the parallel lamination and planar cross bedding as well as along quartz veins. The 
sandstone appears occasionally fractured. Alveolar erosion is scarce. Structural cracking and the 
collapse of masonry units were noted throughout the fabric of the church. Structural cracking and 
disruption was noted at the north-east angle of the building. The outer face of the eastern end of the 
north elevation has collapsed exposing the mortar and rubble stone wall core. The window in the west 
gable has also partially collapsed. The slit window at the east end of the south wall of the chancel has 
lost material exposing the wall core with a breach through the wall immediately underneath. 
  
Fig. 5.35: General View of the Masonry Showing Preferential Erosion 
Following Sedimentary Structures, Coole Abbey, Co. Cork.  
Fig. 5.36: The East Gable Showing Structural 
Cracking, Intense Biological Colonisation and 
Partial Collapse of the Outer Masonry Leaf, 
Coole Abbey, Co. Cork. 
 
The abbey is undergoing intense biological colonisation by higher order species including ivy, grasses 
and flowering plants. Lichen growth has developed extensively over the surface of the stone. Higher 
order biological species from grasses to small trees are beginning to colonise the wall-tops and the dry 
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joints throughout the building fabric. The interior of the abbey is overgrown with a variety of species 
including trees standing approximately six metres high. 
 
Summary: The site was classified as fragmentary standing, and is undergoing mild stone decay and 
strong structural damage. The general decay affecting the stone masonry is summarised in Table 5.13. 
Major stone types  Sandstone  
Surface colour range  Purple, grey-green and beige. 
 
Significant decay forms Differential erosion, oxidation, fracturing, alveolar erosion, dissolution, 
biological colonisation, dry joints. 
Table 5.13: Key Stone Types and Decay Forms Noted to Coole Abbey, Co. Cork. 
 
5.4.7.2 Britway Church, Co. Cork 
 
Britway Church is located within a rectangular graveyard enclosure enclosed by a stone-faced earthen 
bank. The surrounding area is composed of agricultural grassland. The remains of the church consist of 
the west and north elevations surviving almost to full height, and sections of the south elevation. The 
north-east angle shows a grass and sod covered collapse of rubble stone. The masonry is composed of 
both ashlar and rubble work. The masonry was repointed with, probably, a portland cement-based 
mortar. The original weathered lime mortars are visible in the inner masonry joints. 
 
The west gable features a central doorway with a semi-circular relieving arch and inclined jambs framed 
by a shallow architrave. A lintel has been inserted at the top of the jambs, and the area above infilled 
with rubble stone and mortar.  The west gable also features antae on both sides of the doorway in 
imitation of earlier timber elbow-cruck construction. The northern survives to the height of the side wall 
whereas only the base of the southern survives. A round-headed window is visible in the north 
elevation. 
 
Stone: The church was built of sandstone ashlar and rubble masonry. The sandstone ranges from fine-
grained to conglomeratic, commonly showing quartz veins. The sandstone is well-bedded displaying 
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planar and cross bedding. It occasionally includes mudstone clasts following the bedding.  Scattered 
blocks of laminated, purple mudstone were also used in the fabric, for example, large blocks of this 
nature are used at the foundation. The material is of local origin and was probably sourced from the 
Upper Devonian Old Red Sandstone Formations. It is possible that the stone was sourced from the 
Ballytrasna Formation. 
 
Fig. 37: Britway Church, Co. Cork. Fig. 5.38: Sandstone Window Detail, Britway Church. 
 
Decay: Alveolar erosion and fracturing are the main decay forms affecting the sandstone. Occasional 
differential erosion has also developed - slightly along the bedding and more pronounced along cross 
bedding channels.  Mudstone clasts within the bedding are leading to alveolar erosion. Scaling along 
the lamination of the foundation stones was also recorded. Fractures are common on the lower courses 
of masonry. These are probably forming due to the wall load.  
 
The masonry shows a weathering patina and extensive lichen growth was noted on the surface of the 
stone. The fabric shows extensive biological colonisation in the form of higher order species such as 
grass and ivy. The sandstone also locally shows signs of fire damage. The portland cement mortar used 
for pointing appears chemically stable and does not seem to be inducing any damage. However, it is 
detached, locally lost and not fulfilling its function. The north elevation inclines slightly, and there has 
also been some minor loss of masonry units from the fabric. The extensive biological colonisation is also 
causing disruption to the masonry. 
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Summary: The monument was classified as fragmentary standing featuring mild stone decay and mild 
structural damage. The church would benefit from removal of the grasses and ivy. The general decay 
affecting the stone masonry is summarised in Table 5.14. 
Major stone types Sandstone (95%) Mudstone (5%) 
Surface colour range  Red, purple, occasionally brown 
and grey to light-green 
Purple 
 
Significant decay forms Alveolar erosion, fracturing,
differential erosion, scaling,
biological colonisation, dry joints. 
Scaling, biological colonisation. 
Table 5.14: Key Stone Types and Decay Forms Noted to Britway Church, Co. Cork. 
 
5.4.7.3 Monkstown Castle, Co. Cork 
 
Monkstown Castle is a fortified house built c.1636 (Power 1994) along a similar ground plan to Kanturk 
Castle in north Co. Cork and shares strong similarities with the contemporary Mountlong Castle, Co. 
Cork (section 5.4.4.1 above). The castle is located on an east-facing slope overlooking the south 
entrance of West Passage in Cork Harbour. A local road runs around the northern half of the building, 
and the surrounding area consists of a suburban housing estate and deciduous woodland.  
 
The castle consists of a central rectangular block defended by four square towers or flankers at each 
corner. The central block is three stories high, whereas the angle towers have four stories plus an attic 
in the pitch of the roof.  The towers show gables on all four walls, and each inward-facing gable features 
a square chimney stack. Bartizans supported by five tapering corbels defend the outside angles of each 
tower at wall-walk level. The bartizans also occasionally show stepped crenellations. It was not possible 
to access the interior of the castle, and the current condition of the interior is unknown. 
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Fig. 5.39: Monkstown Castle, Co. Cork. Fig. 5.40: Bartizan Defending the Corner, Monkstown Castle. 
 
The masonry is composed of uncoursed rubble bonded with lime mortar, with dressed quoins. Each 
floor level is delineated by an external string course. Traces of coarse-grained exterior renders survive 
in varying degrees to all elevations. Upper layers of limewash were also noted to sheltered areas of the 
western side of the castle.  
 
The ground floor openings are all currently blocked. The main door is located at ground-floor level in the 
north elevation, and shows a relieving arch visible in the rubble masonry above. The main doorway is 
composed of an elliptically arched carved limestone doorway in two orders with a carved hood 
moulding. Gun loops, often blocked, are also found throughout the castle at ground floor level. A 
staircase and arch not shown in previously published plans (e.g Craig 1982) is in situ against the north 
wall of the south-western tower of the castle. This flight of stairs is composed of stone bonded with 
ordinary portland cement based mortars which are currently leaching. 
 
The fenestration features single-light and mullioned windows of carved limestone covered externally by 
hood mouldings with stepped terminals. Many of the windows retain both mullions and transoms. The 
first floor windows occasionally feature relieving arches in the masonry above. The largest window is 
located at first-floor level in the south elevation and is divided by two mullions and a transom. Hung slate 
was placed to shed rainwater run-off at the windows at first and second floor levels. 
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Stone: The most abundant building stones are 
green siltstones and mudstones. Sandstone, 
purple siltstone, mudstone and occasional 
sandstone are also present in smaller 
amounts.  This material was probably sourced 
locally from the Gyleen Formation, one of the 
Old Red Sandstone Formations in South Cork, 
aged Upper Devonian. 
Fig. 5.41: General Appearance of the Rubble Masonry, 
Monkstown Castle. 
 
A light grey limestone, partially recrystallised with lamination and occasional fossils was also used for 
particular architectural elements. Dressed elements such as the string courses delineating each floor, 
quoins, bartizans and window and door details are of limestone. The limestone was not sourced locally. 
It was probably brought to the site from adjacent Carboniferous Limestone Formations located at least 
four kilometres north of the site. 
 
Decay: The castle shows the early stages of structural risk to the integrity of the building. Structural 
cracking was noted to the wall fabric, for example below the windows of the west and north faces of the 
north-west tower. The lower courses of quoins of the outside angle of the north-east tower shows some 
structural movement and spalling. The remains of the roof recorded in 1986 (Power 1994) has now 
collapsed. The stone masonry exhibits flaking and spalling on the quoins, A common failure was scaling 
along the lamination of the limestone string courses resulting in loss of carved detail. A further common 
failure is the fracturing of limestone lintels. A dark brown weathering patina is present on some 
siltstones. 
 
The external render has been lost to varying degrees on all elevations. Where exposed, the lime-based 
pointing mortar bonding the rubble masonry is losing material due to dissolution. Ordinary portland 
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cement based repair and restoration mortars have been used in the fabric of the building – for example 
on the staircase visible at the western elevation. Here, this mortar shows lime leaching. Biological 
colonisation in the form of ivy growth was noted at all elevations and the roof area.  
  
Fig. 5.42: Loss of Sheltering Lime Render to the Masonry 
Wall Surface, and Developing Structural Cracks, 
Monkstown Castle. 
Fig. 5.43: Vertical Structural Cracking Following the 
Windows to the North-West Tower, with Displacement of 
Windows Due to Wall Movement, Monkstown Castle. 
 
Summary: The monument was classified as standing, featuring mild structural damage and mild stone 
decay. The ordinary portland cement based mortars are currently showing lime leaching and should be 
removed. The general decay affecting the stone masonry is summarised in Table 5.15. 
Major stone types Siltstone / Mudstone (80-85%) Limestone (15-10%) 
Surface colour range Green and purple, Brown Grey 
Significant decay forms Fracturing, scaling and oxidation. Fracturing, biological colonisation, oxidation, flaking, 
spalls, structural fractures, scaling. 
Table 5.15: Key Stone Types and Decay Forms Noted to Monkstown Castle, Co. Cork. 
 
 231
5.4.7.4 Kenmare Stone Circle & Boulder Burial, Co. Kerry  
 
This is a sub-circular multiple stone circle comprising thirteen upright and two prostrate stones 
surrounding a central boulder burial. The monument is locally known as 'The Shruberries'. The site lies 
within a highly modified amenity grassland area surrounded by agricultural grassland, and overlooking 
the Finehhy River to the south-west. The circle features two portal stones and an axial stone 
approximately aligned along a north-east to south-west axis. The axial stone (stone 8) is a low, wide, 
flat-topped slab located in the west-south-west of the circle set opposite the pair of low portal stones. A 
boulder burial is placed centrally within the circle. The cover-stone measures approximately 2.8 metres 
in length, 1.8 metres wide and is 0.8 metres thick. The cover-stone is resting on three low stones. 
 
Fig. 5.44: General View of the Stone Circle and Boulder Burial at Kenmare, Co. Kerry. 
 
Stone: The monument was built with predominantly medium-grained, but occasionally fine-grained, 
green, purple and white sandstone, rarely conglomeratic, with occasional lutitic and quartz pebbles, 
quartz veins and joining. The sandstone appears predominantly green.  Purple and white occasionally 
appear as weathering colours. All orthostats were set with the bedding vertical except for stones 9, 12 
and 15.  Stone 9 is massive therefore the bedding is not evident.  Stone 12 has collapsed with the 
natural bedding lying parallel to the ground, while stone 15 is dislodged. Only one orthostat is 
conglomeratic (Stone 13). 
 232
  
Fig. 5.45: Stone 1 Showing Lichen Coverage, and Scaling 
and Fracturing, Kenmare, Co. Kerry. 
Fig. 5.46: Stone 4 Showing Fracturing Across the 
Bedding, with the Central Boulder Burial in the 
Background, Kenmare, Co. Kerry. 
 
According to the Geological Survey of Ireland Geology Map Series 1:100,000, the bedrock in the area is 
of Waulsortian Limestone, a Carboniferous Formation of Dinantian age.  However, the stone comprising 
the stone circle is of a more siliciclastic nature than the Dinantian limestones. It is possible that this 
monument was built with glacial erratics of Devonian siliciclastic material transported by ice and 
deposited on top of a younger Carboniferous bedrock area. A sandstone similar to that comprising the 
monument can be found in adjacent areas, south of the stone circle. It is possible that the stone belongs 
to the Camillan Sandstone Formation, aged Carboniferous. Some other boulders may belong to the 
underlying Devonian red beds of the Old Red Sandstone Formations e.g. the Ballinskelligs Sandstone 
Formation. 
 
Decay: As the monument is composed of only 15 individual stone units, each stone was described 
separately [bullet-pointed below] to illustrate the similarities and dissimilarities found on stones exposed 
under similar conditions for similar periods. The stones were numbered 1 to 14 beginning at the portal 
stone, and continuing in a clockwise fashion. The central boulder burial was not numbered, as it is a 
distinct feature within the stone circle. Alveolar erosion is probably developing through the erosion of 
clasts in the sandstone found throughout this stone circle. All stones within the circle are colonised by 
lichen.  Biological colonisation varies in intensity but is generally strong. The detailed weathering record 
of the stones within the circle is as follows: 
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• The boulder burial shows fractures oblique and perpendicular to the bedding and etched graffitti. It 
is heavily colonised by lichen and shows occasional pebbles, alveolar erosion and general 
superficial dissolution. A purple weathering patina was also noted. 
• Stone 1 shows alveolar erosion and quartz veins partially opened through dissolution, scaling and 
fractures across the bedding. 
• Stone 2 is finely grained showing slight scaling and small alveoli. 
• Stones 3 and 4 show fractures across the bedding. 
• Stone 5 displays fractures oblique to the bedding, alveolar erosion and biological colonisation by 
lichen and scarce moss. 
• Stone 6 is affected by scaling as well as moss growth. 
• Stone 7 shows fracturing and scaling. 
• Stone 8 displays incipient scaling and scarce alveoli. 
• Stone 9 is well rounded through surface dissolution. The stone is fractured. However, the fractures 
are closed.  Alveoli and incipient scaling were also recorded. 
• There is strong scaling on the side of Stone 10, accompanied by alveolar erosion. 
• Stone 11 displays closed fractures. 
• Stone 12 is rounded through surface dissolution. It shows closed fractures across the bedding and 
alveolar erosion. 
• Stone 13 shows slight scaling and fractures across the bedding. 
• Stone 14 possesses fractures oblique and perpendicular to the bedding and has slightly developed 
scaling. 
• There is scaling on the side of Stone 15, also fractures across the bedding. 
  
Fig. 5.47: Stone 3 Showing Scaling and Fractures Across 
the Bedding, Kenmare, Co. Kerry. 
5.48: Detail of the Surface of Stone 3 Showing Surface 
Patina Due to Biological Colonisation, Kenmare, Co. 
Kerry. 
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The area is currently experiencing a relative high level of maintenance activity due to the nature of the 
garden surrounding the circle. Stone 10 shows a large scale at the base. Lawn maintenance should be 
minimised in close proximity to the stone circle to reduce the risk of abrasion or spalling to the stones. 
 
Summary: The site was classified as standing, featuring mild stone decay. The general decay affecting 
this sandstone is summarised in Table 5.16. 
Major stone type(s) Sandstone 
Surface colour range Purple, green and white. 
 
Significant decay form biological colonisation, fracturing, scaling, dissolution, oxidation, 
alveolar erosion. 
Table 5.16: Key Stone Types and Decay Forms Noted to Kenmare Stone Circle and Boulder Burial, Co. Kerry. 
 
5.4.7.5 Staigue Fort, Co. Kerry 
 
Staigue Fort is located at the head of the valley of the River Staigue surrounded by a natural 
amphitheatre of agricultural grassland and rock outcrop overlooking Kenmare Bay to the south-west. 
The site consists of a cashel with strong defensive features, sometimes referred to as a stone fort. The 
cashel is similar in style to the Grianán of Aileach, and Doon Fort in Co. Donegal (Lacey 1983). An 
undefined amount of repair and restoration work was carried out on the cashel during the nineteenth 
and mid-twentieth centuries (O’Sullivan and Sheehan 1996). The cashel consists of circular dry-stone 
enclosure wall or rampart, surrounded by a fosse and external bank traversed by a causeway at the 
entrance of the fort. The walls were constructed using internal and external faces of roughly coursed 
dry-stone masonry enclosing a rubble and fill wall core. The walls show an external and internal batter 
reducing the wall width from approximately four metres at the base to two metres at the top. The 
rampart has a single entrance in the southern quadrant. The trabeate entrance passage features three 
lintels, and the external lintel is relieved by another lintel one course above. 
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 Fig. 5.49: General View of Staigue Fort, Co. Kerry.  
 
Internally, the cashel features two sub-rectangular mural chambers with corbelled roofs and lintelled 
entrances. The inner face of the rampart contains a terrace, and a series of X-shaped stairways leading 
to the top of the walls. The X-shaped stairwells consist of inset arrangements of opposing upper and 
lower flights of sets.  
 
Fig. 5.50: Lintelled Drystone Doorway, 
Staigue Fort, Co. Kerry. 
Fig. 5.51: General View of the Rubble Masonry Showing Rough Weathered 
Surface Due to Dissolution, and Fracturing Along and Across the Bedding, 
Staigue Fort, Co. Kerry.   
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Stone: The monument was mainly built with green and purple, laminated mudstones and sand/siltrocks. 
The fine-grained siltrocks show alternation to coarser, sand-grade grain sizes.  The sand/siltrock is 
medium to fine-grained, with occasional quartz veins, natural fractures and conglomeratic levels. The 
quartz veins and fracturing were noted across the bedding. The material is of local origin, and probably 
belongs to the Valentia Slate Formation, aged middle Devonian.  
 
Decay: The stone masonry displays a purple weathering patina and occasional oxidation. The 
sandstone shows a rough surface as a result of weathering, probably due to cement loss. Dissolution is 
taking place along the quartz veins and natural jointing. Conglomeratic levels have developed alveolar 
erosion, probably through the erosion of soft lutitic clasts included in the sandstone. 
 
Fractures along and across the bedding were evident in some masonry blocks.  These are probably due 
to the wall load.  Some were fractured and progressively wedged within the wall.  The load borne over 
time has progressively stressed and packed the stone eventually causing rupture. The stone steps to 
the top of the rampart also appear fractured and showing surface abrasion (e.g. above the mural 
chamber in the west quadrant). It is possible that these fractures were initially the original stone joining 
which have opened due to progressive stress. 
 
The lintels of the entranceway feature closed fractures and marked bedding. The oxidation of iron 
inserts for a notice board has caused iron staining on the right hand side of the entrance. Biological 
colonisation by lichen is common. Scarce ivy and flowering plants were noted on the exterior of the 
rampart. No signs of significant structural damage were noted to the wall fabric. The rampart shows a 
slight outward bulge in the western quadrant, however this may be a construction feature. 
 
Summary: The monument was classified as standing, featuring mild stone decay. The general decay 
affecting this sandstone is summarised in Table 5.17. 
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Major stone type(s) Sand/siltstone 
Surface colour range  Green and purple. 
Significant decay forms Biological colonisation, fracturing, abrasion, differential weathering, 
dissolution, oxidation, alveolar erosion. 
Table 5.17: Key Stone Types and Decay Forms Noted to Staigue Fort, Co. Kerry. 
 
 
5.4.8 Siliciclastic Monuments in Unpolluted Inland Environments showing Strong Stone Decay 
 
5.4.8.1 Derrynabla Rock Art, Co. Kerry 
 
The area is located at the head of the Kealduff river valley surrounded by the Mullaghanattin, 
Knockaunanattin and Knocklomena mountains, and overlooking Lough Brin to the east. The area 
consists of an upland blanket bog and exposed rock outcrops and boulders. The Derrynabla group of 
twenty-six rock art carvings is the largest individual concentration of these prehistoric carving identified 
in Ireland to date. 
 
Derrynabla Stone Art includes inscribed cop and circle motifs 
on a massive, regularly- shaped, elongated, sandstone 
boulder measuring approximately 3.5 metres long and 2.5 
metres wide.  The decorated stone is lying on a mountain 
slope approximately two kilometres east of Pocket Mountain. 
The stone is located 800 metres above sea level, some 400 
metres from a minor local road surrounded by upland blanket 
bog in an exposed upland rural environment. The carvings 
recorded on the boulder include twenty three cupmarks and 
eighteen cup and ring motifs, ranging from one to six rings 
(O’Sullivan and Sheehan 1996). 
 
Fig. 5.52: Rock Art Inscribed Sandstone 
boulder at Derrynabla. 
 
However, due to the extent of lichen coverage, weathering patina and light conditions at the time of 
inspection, it was not possible to confirm the current condition of these carvings. At the west end of this 
boulder is a smaller stone measuring approximately 0.5 by 0.5 metres known as the “Derrynabla 
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Shield”. The carvings on the shield consist of cupmark and three rings. Ten cupmarks decorate the area 
inside the outermost ring, with a single cupmark marking the terminal of this ring. The top of this ring has 
been lost due to previous spalling to the stone. 
 
Stone: The carvings are found on a green and purple, fine-grained sand/silt rock with occasional 
pebbles and small scale ripple cross lamination. The material is of local origin, and is included in the 
Ballinskelligs or the underlying St. Finan’s Sandstone Formation, aged upper-middle Devonian.  
 
Fig. 5.53: Detail of the Stone Surface Showing Lichen 
Covering the Carvings, Derrynabla. 
Fig. 5.54: Microscopic Image of the Micro-structure of the 
Sandstone Found at Derrynabla. 
 
Decay: The most relevant damage to this monument is the progressive loss of carved detail. This has 
been induced over time mainly by water dissolution. The loss of detail due to dissolution has been 
enhanced by the horizontal positioning of the carvings. As at Kealduff Upper (see section 5.4.8.23 
below), it is possible that the original carvings were formed taking advantage of natural dissolution pits. 
The stone is strongly colonised by lichen. Alveolar erosion is probably developing through the erosion of 
clasts included in the sandstone. 
 
Summary: The stone was classified as standing, featuring mild to strong stone decay. The general 
decay affecting this sandstone is summarised in Table 5.18. 
Major stone type(s) Sandstone 
Surface colour range Green and purple. 
Significant decay forms Biological colonisation, dissolution, alveolar erosion. 
Table 5.18: Key Stone Types and Decay Forms Noted to Derrynabla Rock Art, Co. Kerry. 
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5.4.8.2 Kealduff Upper Rock Art, Co. Kerry 
 
Kealduff Upper Rock Art includes inscribed cop and circle motifs on a massive, regularly- shaped, 
elongated, sandstone boulder measuring approximately three metres long, 1.5 metre wide and 0.6 
metres thick.  The decorated stone is lying on a mountain slope approximately one kilometre above the 
Loughs north of Coomacarrea mountain, at 500 metres above sea level. The site is surrounded by 
blanket bog in an exposed upland environment.  
 
Stone: The stone is a green, medium-grained sandstone with natural fractures.  The stone is mostly 
massive, however, the sedimentary bedding, aligned horizontally, occasionally appears slightly marked.  
The material is of local origin and belongs to the St. Finan’s Sandstone Formation, one of the geological 
formations of the Iveragh group, aged Devonian. 
 
Fig. 5.54: General View of an Example of Rock Art on a Boulder at Kealduff Upper, Co. Kerry.  
 
Decay: Fracturing, incipient scaling, biological colonisation by lichen and dissolution along fractures 
were noted. The surface appears affected by dissolution and wind abrasion. The most relevant damage 
to this monument is probably induced over time by water dissolution. The effect of dissolution has been 
enhanced due to the horizontal and slightly oblique orientation of the carvings with respect to rainfall.  
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As seen at Derrynabla, it is possible that the original carvings were formed taking advantage of natural 
dissolution pits. 
 
Fig. 5.55: Carvings Marked With Chalk to Aid 
Identification, Kealduff Upper, Co. Kerry. 
Fig. 5.56: Detail of the Stone Surface Showing 
Dissolution and Biological Colonisation Eroding the 
Carved Detail, Kealduff Upper, Co. Kerry. 
Summary: The monument was classified as standing, featuring mild to strong stone decay. The decay 
affecting this monument is summarised in Table 5.19. 
Major stone types  Sandstone 
Surface colour range Green 
Significant decay forms Dissolution, biological colonisation, fracturing and scaling. 
Table 5.19: Key Stone Types and Decay Forms Noted to Kealduff Upper Rock Art, Co. Kerry. 
 
5.4.8.3 Aghadoe Round Tower, Co. Kerry 
 
Aghadoe Round Tower is located within the gently south-sloping graveyard enclosure of Aghadoe 
Church surrounded by agricultural grassland overlooking the lakes of Killarney to the south, with a local 
road immediately to the north. The modern graveyard wall undercuts the north face of the tower. The 
foundation of the monastic site during the seventh century is attributed to St. Finian. Aghadoe Round 
Tower comprises the remains of a round tower whose fabric has been subject to previous interventions. 
Twenty-one courses of masonry currently stand to a height of approximately 5.5 metres. The tower 
contains two distinctive types of fabric: the original fabric in the form of coursed sandstone ashlar of 
large dimension, and later repairs in the form of uncoursed rubble masonry of small size including 
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sandstone, shale, limestone and siltstone.  The original fabric exists only in sections, and the majority of 
the visible stonework is repair work.  
 
Stone: The original fabric of the round tower is a sandstone varying in colour from pink to beige, red 
and purple. It is likely that these colours are the result of weathering. The sandstone is occasionally 
pebbly and displays natural fractures and sporadic cross-lamination. Only limited sandstone outcrops 
are available in the area, and the most commonly locally available stone types are those found in the 
repair work. The sandstone is probably of local origin, and belongs to local Carboniferous Formations, 
aged Namurian or Dinantian. 
 
  
Fig. 5.57: Aghadoe Round Tower. Fig. 5.58: Lime Leaching From Repointing Mortars Used to Repair the Sandstone 
Masonry, Aghadoe Round Tower. 
 
Decay: The sandstone ashlar shows alveolar erosion and differential erosion along fractures. In most of 
the sandstones studied in this report, and in the Stone Monuments Decay Study 2000, erosion is usually 
favoured by the sedimentary bedding. In this sandstone, erosion is favoured by fractures rather than the 
sedimentary bedding, except for the alveolar erosion which follows the bedding. Strong leaching from 
portland cement repointing mortar has generated an encrustation which is partially covering the 
masonry. The encrustation is heavily soiled. On the west face of the tower, the encrustation has 
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combined with hydrocarbons forming a coating over the original masonry fabric. Slight biological 
colonization by lichen and ferns is also affecting the masonry.  
 
Summary: The tower was classified as fragmentary standing, featuring strong stone decay, mostly 
relating to the presence of OPC and soiling. The tower has undergone significant levels of previous 
interventions. The decay affecting the stone masonry is summarised in Table 5.20. 
Major stone types  Sandstone (20%) Limestone, shale, sandstone, siltstone 
(80%) 
Surface colour range Pink, beige, red, purple and green. Green, blue, grey, brown, purple. 
Significant decay forms Fracturing, biological colonisation, 
erosion, soiling, encrustation. 
Fracturing, biological colonisation, 
encrustation. 
Table 5.20: Key Stone Types and Decay Forms Noted to Aghadoe Round Tower, Co. Kerry. 
 
5.4.8.4 Kilmalkeadar Romanesque Doorway, Co. Kerry 
 
The site is dedicated to St. Maolchethair who died c.636 AD. The church lies on a pilgrimage route from 
Smerwick Harbour to the top of Mount Brandon in honour of Saint Brendan. The church lies within a 
sub-rectangular graveyard enclosure on a west-facing slope surrounded by agricultural grasslands. The 
stone-walled enclosure surrounding the Church also includes an ogham stone, a stone cross, an 
alphabet stone and a sundial. This assessment of decay focuses on the Romanesque doorway of the 
church. 
 
Kilmalkeadar Church consists of an original single-chamber church with a later chancel added to the 
west. The majority of the built fabric of the church is composed of rubble work punctuated by carved 
romanesque work. The west elevation features a highly ornate round-headed romanesque doorway. 
The doorway consists of a three order arch with a projecting hood moulding and includes a variety of 
carvings worked in conglomerate stone. The hood rests on moulded abaci and is fitted with carved 
animal head stops. The prominent keystone of the hood moulding is carved with an anthropromorphic 
head. The large doorway lintel displays a carved animal face internally.  
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Fig. 5.59: The Hiberno-Romanesque Doorway at 
Kilmalkeadar, Co. Kerry. 
Fig. 5.60: Detail Showing Alveolar Erosion of the 
Voussoirs, Kilmalkeadar, Co. Kerry. 
 
The church contains antae at all four corners of the nave in imitation of earlier timber elbow-cruck 
construction. The church features a steeply pitched west gable and the partial remains of a stone roof 
also survive, possibly originally supported by a timber cross-prop. A similar roof was inspected at Saint 
MacDara’s Church, Co. Galway as part of the Stone Monuments Decay Study 2000 (Pavía and Bolton 
2001, Site 36). Leask (1955) notes similarities in architectural style with Cormac’s Chapel on the Rock 
of Cashel in Co. Tipperary in the form of blind arcading to the interior of the nave. The blind arcade is 
set on a shallow shelf approximately 0.9m above ground level, and is decorated with half-round columns 
and scalloped capitals.  
 
Stone: The ashlar work and carvings were carried out using sandstone and conglomerate stone while 
the rubble work includes green siltstone mixed with a purple, occasionally conglomeratic sandstone.  
The Romanesque doorway was built using a medium to fine grained purple sandstone, a grey-green 
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conglomerate and a green-beige, variegated conglomerate. The grey-green conglomerate was also 
used for the doorway lintel. The green-beige, variegated conglomerate was used for the keystone which 
is featuring a carved face.  This stone was also used for the two stops and four voussoirs, placed 
symmetrically two on each side of the keystone. This conglomerate is also found on the outer order of 
the archway.  Scattered conglomerate blocks of both types are found within the masonry walls. The 
purple sandstone was used throughout the remaining fabric. The material may be of local origin. 
According to the Geological Survey of Ireland Geology Map Series 1:100,000, the bedrock in 
Kilmalkeadar Church is the Ballymore Sandstone Formation, a rhythmically bedded sandstone with 
minor shale and conglomerate belonging to the Dingle Group, aged Silurian/ Devonian. A possible 
source for the conglomerates are the two geological formations found over the Ballymore Formation: the 
Glashabeg Conglomerate Formation and the Trabeg Conglomerate Formation. 
 
Fig. 5.61: General View of the Texture of the Lintel, 
Kilmalkeadar, Co. Kerry. 
Fig. 5.62: Microscope photograph showing structure of the 
Sandstone at Kilmalkeadar, Co. Kerry. 
 
Decay: The romanesque doorway shows significant loss of material. Both the sandstone and 
conglomerate have lost carved detail through a number of decay processes. The green variegated 
conglomerated exhibits the strongest damage. The sandstone at the doorway jambs shows displays 
alveolar erosion.  Sporadically, coalescent alveoli have progressed into tafoni. The doorway voussoirs 
also exhibit the development of tafoni. The drip moulding shows material loss through dissolution and 
general abrasion.  The two conglomerate stops to the hood moulding have lost a significant amount of 
material, and may have originally represented anthropromorphic faces.  There is local spalling to 
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mouldings of the jambs, with occasional fractures parallel and oblique to the bedding. There is also 
slight mortar leaching. 
 
Summary: The monument was classified as fragmentary standing, showing strong stone decay. The 
decay affecting the romanesque doorway is summarised in Table 5.21. 
Major stone types  Sandstone (97%) Conglomerates (3%) 
Surface colour range Purple. Green-beige and grey-green. 
Significant decay forms Alveolar erosion, tafoni, dissolution, abrasion, 
fracturing, spalling, differential erosion, mortar 
leaching, dry joints. 
Dissolution, abrasion, fracturing. 
Table 5.21: Key Stone Types and Decay Forms Noted to Kilmalkeadar Romanesque Doorway, Co. Kerry. 
 
5.4.8.5 Gallarus Cross Slab, Co. Kerry 
 
Gallarus cross slab is located in a rural environment with a strong coastal influence. The monument is 
located adjacent to Gallarus boat-shaped oratory. The cross slab forms part of a leacht composed of an 
approximately nine by five metre low rectangular mound of stones. The slab measures approximately 
1.1 metres high and 0.3 metres wide. The upper part of the west face is carved with a cross within a 
circle with further carvings and an inscription to Colum Mac Dinet beneath. 
 
Stone: The cross slab was built with a fine-grained, laminated, green sandstone. The sandstone may 
be of local origin. According to the Geological Survey of Ireland Geology Map Series 1:100,000, the 
bedrock in the area is the Ballymore Sandstone Formation, a rhythmically bedded sandstone with minor 
shale and conglomerate belonging to the Dingle Group, aged Silurian/ Devonian. Alternatively, the 
sandstone could have been sourced from the overlying Devonian Sandstone Formations of the Iveragh 
group such as the St. Finian’s Sandstone Formation. 
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Fig. 5.63: The Cross-Slab at 
Gallarus. 
Fig. 5.64: Detail of the Inscribed Stone Surface of the Cross-Slab Showing Scaling 
and Superficial Surface Loss From Wind Abrasion and Dissolution, Gallarus, Co. 
Kerry. 
 
Decay: The sedimentary bedding is aligned vertically. The main decay is taking place along the 
sedimentary lamination. Fractures are present along the bedding. A large scale has detached from the 
top of the carved face. Scarce lichen growth is also evidenced on the cross slab. The surface displays 
signs of general wind abrasion and surface dissolution. 
 
Summary: The site was classified as standing, featuring mild to strong stone decay. The decay 
affecting the sandstone is summarized in the table below: 
 
Major stone types Sandstone (100%) 
Surface colour range Green 
Significant decay forms Fracturing, scaling, abrasion, dissolution, biological colonisation. 
Table 5.22: Key Stone Types and Decay Forms Noted to Gallarus Cross Slab, Co. Kerry. 
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5.5 Discussion 
 
The overall aim of the research is to evaluate whether stone monuments along the coast of the Republic 
of Ireland are vulnerable to the more severe and/or different types of decay and degradation than 
monuments located in non-polluted inland environments recorded for coastal monuments of mainland 
Europe (Galán et al 1996, Zezza 2000, discussed in greater detail in Section 6.3.5). The fieldwork 
undertaken for siliciclastic rocks did not record any clearly observable tendency for more severe stone 
decay to monuments located at or immediately adjacent to the coast. Instead, a more complex picture 
emerged, with the significance of a number of key variables needing to be addressed prior to 
considering the question of coastal stone deterioration.  
 
5.5.1 Issues of Scale and Complexity in the Interpretation of Stone Decay of Siliciclastic Rocks 
 
One of the key observations of the research was that the intensity of siliciclastic rock decay found on 
stone monuments [comprising surface alteration and/or surface recession] could range from mild to 
strong across many different scales, e.g.  
 
• Multi-Building Scale: when comparing one monument to another. 
• Single Building Scale: when comparing one area of masonry to another within the same 
monument. 
• Single Wall Scale: when comparing one or more blocks to others on the same wall face 
• Single Stone Unit Scale: when comparing one area of a stone to another within the same stone 
block. 
 
In order to interpret stone decay from observations gathered over the relatively short time periods of the 
rapid assessments undertaken as part of this research, it was necessary to evaluate the nature of stone 
deterioration at and across each of these scales. When the decay of siliciclastic rocks is considered at 
the higher Multi-Building Scale, the overall results suggest that there is a general tendency for 
monuments located on or adjacent to the coastline to show higher incidence of both mild and strong 
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stone decay, than similar monuments located in unpolluted inland environments (Table 5.23). However, 
if the other scales of stone deterioration are considered, the complexity of siliciclastic stone decay 
becomes more apparent, with no clear single cause for the tendency towards more severe deterioration 
of monuments located on the coast. Instead, a number of factors arise which must be considered prior 
to, though linked with, levels of stone deterioration at the coast. 
 
 Mild Stone Decay Strong Stone Decay Total 
Coastal Environments 28 (72%) 11 (28%) 39 (36%) 
Inland Unpolluted Environments 56 (81%) 13 (19%) 69 (64%) 
Total 84 (78%) 24 (22%) 108 (100%) 
Table 5.23: Overall Results of the Fieldwork Evaluations of Monuments Built Using Siliciclastic Rocks. 
 
Identifying and addressing a single clear cause for a greater tendency to more severe stone decay 
adjacent to the coast is complicated by the number of different factors, possibly acting in concert, which 
may influence siliciclastic stone deterioration. These factors include the nature, properties and inherited 
features of the stone itself, the morphology and positioning of the monument, the changing parameters 
of the surrounding environment, the intensity of biological colonisation, the weathering/exposure history 
of the building, and the impact previous repair work may have had on the type and rate of stone 
deterioration.  
 
The effect of each of these factors is likely to vary when considering different monuments, or when 
considering stone decay at one or more scales. However, it is necessary to isolate and consider the 
potential impact of each of these variables, in order to evaluate their significance and influence on the 
deterioration of siliciclastic rock monuments. 
 
5.5.2 Exposure  as a Factor in Deterioration 
 
Exposure for the purpose of this discussion of the weathering of building stone can be understood to 
take two very simplified forms – the overall conditions (i.e. the exposure of the entire monument to 
natural weathering from wind, rain and sun), and local conditions (e.g. a stand of trees providing 
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shelter).  Local conditions in the form of architectural detail providing shelter from exposure will be 
considered in Section 5.5.3. While the overall conditions may change over a long time period (Section 
4.2.3), local conditions may alter over a period of years or decades. 
 
The majority of the stone monuments surveyed are roofless and exposed on all sides. The erosion 
found at each of the sites was generally uniform, with similar decay forms and similar levels of surface 
alteration and surface recession observed on the different wall surfaces. The key variations to this 
overall pattern tended to be more intense biological colonisation at certain elevations (e.g. to north 
elevations, or sheltered corners surrounded by trees), or the survival of base coats of an internal plaster 
to sections of some internal wall surfaces.   
 
However, by comparing two monuments built of the same stone, but in slightly different locations, 
environmental factors having a significant impact on stone decay can be identified. For example, 
variations in stone deterioration were noted to the medieval, probably fifteenth-century, tower house and 
bawn of the Old Head of Kinsale (section 4.5.2), and the nineteenth-century signal tower of Lispatrick 
Upper, Co. Cork (section 5.4.5.2). Both monuments are roofless and exposed on all sides, and are 
located at the narrowest point of the rocky sea promontory of the Old Head of Kinsale (Fig. 4.24). Both 
monuments are composed of similar proportions of the local sandstone, siltstone and mudstone [these 
rock types can be observed in the rock cut fosse immediately to the north of the tower house and bawn 
which is the most probable source of building stone for both monuments]. However, one elevation of the 
Signal Tower showed much greater levels of deterioration than the other external and internal wall 
surfaces, or to similar wall surfaces seen at the nearby tower house and bawn which had been exposed 
for a much greater length of time. 
 
The key factor in this case was considered to be the location and consequent exposure of the 
monument and the affected wall surface in relation to the surrounding environmental parameters. The 
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Signal Tower was built in a very exposed location in order to command a view of the surrounding 
seascape, and clearly shows significantly greater loss of material at the west elevation (the direction of 
the prevailing winds) when compared with the other three elevations of the structure. The medieval 
tower house and bawn is relatively sheltered from the prevailing winds by the topography of the 
peninsula as the monument is located in (and possibly to take advantage of) a slight depression at the 
narrowest point of the peninsula. In this case, the key variable in the rate and severity of deterioration is 
that the west elevation of the Signal Tower faces the prevailing winds, and consequently experiences 
the greatest degree of exposure to wind and rain in comparison to the rest of the monument, and in 
comparison to the adjacent tower house and bawn. 
 
Similar instances of greater levels of stone deterioration to certain elevations or sections of other 
monuments can also be attributed to environmental conditions. For example, the south-east corner of 
the Black Castle, Co. Wicklow (Section 4.4.6.2) showed greater levels of stone loss at both the Anglo-
Norman castle and the submarine rocky promontory to this elevation, and the east gable of Ahamore 
Abbey (Section 4.5.5.2) showed loss to the base of wall where coastal erosion processes were active. 
Overall and local levels of exposure can therefore strongly influence decay processes to a stone 
monument, and can be identified and accounted for when considering the overall levels of decay found. 
The existing literature has noted microclimatic effects in combination with both sea salts and 
atmospheric pollutants to be particularly damaging to historic stone buildings (Zezza, García Pascua. & 
Macrìa1996, Zezza et al 1996, Tricio & Viloria 2002). However, many of these works have contrasted 
decay forms and processes affecting internal and external wall surfaces. As Irish archaeological stone 
monuments tend to be ruined, roofless structures, the distinction between internal and external 
becomes less significant when considering the effects of overall exposure, though remaining significant 
when considering local exposure at a more detailed scale. 
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Exposure does not appear to be a significant factor in contrasting stone monuments located in coastal 
and unpolluted rural environments. Ballycarnahan Castle (coastal monument, Section 5.4.4.5) and 
Staigue Fort, (inland, Section 5.4.7.5) are both composed of sandstone/siltstone from the same 
geological formation which underlies much of the Iveragh peninsula of Co. Kerry. However, both 
monuments show mild stone decay. Dissolution and biological colonisation were the most significant 
decay forms, with exposed masonry wall surfaces commonly colonised by lichens, occasional moss and 
scarce higher order species. The main difference in decay between the two monuments is more related 
to building morphology (Section 5.5.3) than overall exposure. The fortified castles of Mountlong (coastal, 
Section 5.4.4.1) and Monkstown (inland, Section 5.4.7.3) are built to similar plans, of similar siliciclastic 
rocks, and display comparable decay forms to the exposed masonry walls. Both buildings are also 
threatened by similar decay processes. The high roofless masonry walls are showing structural cracking 
which has led to the collapse of substantial sections of Mountlong Castle. However, this is not due to its 
coastal location, but due to the history of Monkstown Castle which was in use and roofed until the 
twentieth century. On becoming a roofless ruin and exposed to the same overall exposure as Mountlong 
Castle, similar decay processes were set in motion. 
 
5.5.3 Monument Morphology and the Vulnerability of Carved Surfaces as Factors in 
Deterioration 
 
A number of previous authors have noted the morphology of a building as a significant factor in 
controlling local levels of exposure, rates of wetting and drying and levels of salt-related damage which 
influence the rate and severity of stone deterioration (Duffy & O’Brien 1996, Colajanni & Termini 2002).  
Monument morphology may include the orientation and layout of the building, the location of sheltered 
micro-climates, and architectural detail [such as window and door openings, string courses, statuary and 
other carved detail] which alters the surface of a wall. 
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 During the course of this research, monument morphology was found to be a significant factor in the 
deterioration of certain stone masonry areas, and certain individual stones. These included carved stone 
surfaces (such as window and door details, and sculpture) and their positioning in relation to the relative 
degrees of shelter or exposure offered by the internal arrangement and construction characteristics of 
the monument. Areas of high moisture retention, and occasionally particular building orientations were 
noted as vulnerable areas for some “weaker” or “softer” siliciclastic stone types. 
 
Previous research (Pavía & Bolton 2001) noted that 33% of examined stone monuments showed 
significant loss to carved detail including rock art, inscriptions, dressed masonry finishes and sculptural 
detail. In contrast, material loss from uncarved, undressed masonry blocks does not usually pose a 
significant problem. Surface deterioration of carved detail was common to all stone types, even rocks 
popularly perceived as durable, such as granite. However, sandstone and other siliciclastic rocks were 
found to be particularly vulnerable. Pavía & Bolton (2001) noted that all sandstone monuments, or 
elements of monuments, exhibited surface loss, with 43% of the monuments showing strong stone 
decay, the occurrence of strong stone decay increasing to 52% if only carved detail was considered. 
 
Sandstones and some other silicastic rock types were historically favoured for carved detail and 
sculpture for a number of reasons including colour, texture, ease of working, and the fine detail which 
could be achieved. However, the properties which made these stone types so attractive to medieval 
masons, also brings a tendency to deteriorate at a more rapid rate than other stone types – a tendency 
exacerbated by the stresses resulting from the process of carving, and the resulting high surface area. 
While some stones from England and northern France were imported and used in prestige buildings 
(Waterman 1971), the majority of carved and dressed siliciclastic rocks found in Irish monuments are of 
Irish origin (Pavía & Bolton 2000). For the purposes of the current research into the deterioration of 
coastal stone monuments, new data was gathered on fifty-three further siliciclastic rock monuments in 
Counties Cork, Kerry and Donegal, 66% of these having carved surfaces (Table 5.24). 
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 Cork Kerry Donegal Total 
Total Siliciclastic Monuments 12 37 4 53 
Sites showing Mild Decay 11 28 4 43 81% 
Sites showing Strong Decay 1 9 0 10 19% 
 
Total Carved Monuments 7 27 1 35 66% 
% of total siliciclastic monuments 58% 73% 25%  
Sites showing Mild Decay 7 11 40% 1 19 54% 
Sites showing Strong Decay 0 8 30% 0 8 23% 
Conserved Sites 0 8 30% 0 8 23% 
Fig. 5.24: Breakdown of Decay of Monuments and Carved Surfaces Composed of Siliciclastic Stone, Comprising Monuments 
from the Current Research and Previous Research (Pavía & Bolton 2001). 
 
All siliciclastic stone monuments exhibit surface loss, with 19% of the sample population showing strong 
stone decay. Regional variation was noted as the most intense stone decay occurs in Co. Kerry.  
Carved surfaces therefore appear particularly vulnerable to significant deterioration. Of the 9 sites 
showing strong stone decay in Co. Kerry, 8 of these (89%) affect carved surfaces, regardless of location 
in an inland or a coastal location. Further, the occurrence of stone decay in Co. Kerry had necessitated 
conservation works to the carved surfaces of another eight monuments.  The nature and properties of 
different siliciclastic rock types also adds complexity in trying to identify any common external factors 
from the evaluation of decay patterns and intensities found to these stone types in coastal and inland 
unpolluted environments.  
 
In general, similar patterns of decay were noted to different architectural sections of stone monuments 
in both coastal and inland polluted environments. Carved stone surfaces with high surface relief such as 
sculptural, window and door details tended to show greater deterioration than the surrounding rubble 
masonry in both locations. The carved green variegated conglomerate and purple sandstone found at 
the romanesque doorway of Kilmalkeadar, Co. Kerry (Section 5.4.8.4) shows significantly more intense 
stone decay than similar rubble stone blocks of the same material of the surrounding wall fabric. 
 
The fabric and arrangement of the monument tend to be contributing factors to the types and intensity of 
deterioration found, regardless of location in a coastal or an unpolluted environment. Comparable 
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monuments such as the fortified houses of Mountlong (coastal, Section 5.4.4.1) and Monkstown (inland, 
Sections 5.4.7.3) show comparable degrees of deterioration. In these cases, the morphology of the 
structure appears to be the controlling factor in deterioration. Both monuments currently survive as tall 
masonry walls, lacking their original internal timber matrix of floors and partitions. The gradual 
dissolution of their lime mortars, plasters and renders leads to structural cracking and collapse. 
Architectural detail such as string courses or windows may also show greater levels of deterioration than 
the surrounding rubble masonry. However, observations at each monument suggest that these affected 
areas are more exposed to weathering agents due to their high surface area, are more prone to high 
moisture retention (after the model provided by Duffy & O’Brien 1996), and may normally show more 
developed  stone decay forms in comparison to the masonry seen elsewhere at the monument. The 
sandstone of Britway Church, Co. Cork (section 5.4.7.2) at the base of the masonry walls, and along the 
lamination of the string courses to Monkstown Castle, Co. Cork (section 5.4.7.3). However, observations 
from all the monuments did not note any significant overall difference between observed decay forms 
and surface alteration and/or surface recession at monuments located in coastal or inland unpolluted 
environments. Monument morphology and carved detail was therefore considered to be a significant 
factor at Single-Building and more detailed scales, but was not considered a controlling factor when 
considering overall patterns of deterioration at the Multi-Building Scale for the purposes of contrasting 
coastal and inland monuments. 
 
5.5.4 The Impact of Vegetation on Archaeological Stone Monuments 
 
All stone monuments evaluated during the research showed varying levels of biological colonisation. 
Kilmonogue Church (Section 5.4.4.2), illustrates the enveloping of the entire structure in higher order 
species, while the impact of lichens and mosses can be seen throughout the sample population as for 
example at Britway Church (Section 5.4.7.2) and on rock art at Derrynabla (Section 5.4.8.1) ad Kealduff 
Upper (Section 5.4.8.2). Only at Nohoval (Section 5.4.5.3) was biological colonisation not significant, as 
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stone loss had progressed at such a rapid rate that the stone surface allowed no biological species a 
foothold to establish itself. 
 
The significant impact of vegetation on historic buildings and archaeological monuments is a common 
finding in previously published work (e.g. Bell & Cooper 1994, Pavía & Bolton 2001, McCabe 2007a). 
Biological colonisation and biodeterioration processes are important contributors to stone weathering. 
Stone surfaces found in natural outcrops and on buildings and monuments offer suitable surfaces for 
attachment, with suitable wetting and lighting conditions and often a wide variety of essential nutrients 
for living organisms. The conditions required for colonisation vary, depending on the type and species of 
organism, and the availability of water, light, temperature, pH and adequate nutrition. In the non-polluted 
atmosphere characteristic of rural Ireland, biological organisms can proliferate rapidly, and assessment 
of the impact of these organisms is an important factor in assessing the overall condition of a site.   
 
Vegetation growth is normally regarded by conservation professionals as having a negative effect on 
archaeological monuments, and the existing literature on stone weathering generally focuses on the 
negative effects of vegetation and stone monuments. However, stone monuments also form a natural 
habitat with ecological, aesthetic and other values. Vegetative growth may impact on the surface of 
individual stones, on a section of masonry or throughout the entire site. Common negative impacts on 
stone monuments include the growth of roots in mortar joints, disruption to a wall fabric, the obscuring of 
the significance of a site, and loss of vulnerable detail to carved and other stone surfaces.  
 
A wide variety of organisms can significantly modify stone and other building materials through 
mechanical disruption and chemical alteration. Ecological succession is also known to be an important 
factor in the biodeterioration of stone, for example, moss development may lead to networks of rhizoids 
penetrating into mortars, but also contribute to the development of proto-soil allowing invasion by higher 
order plants. Ecological succession of a stone monument may occur in six (often sequential) stages:  
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Bacteria, Fungi, Algae, Lichen, Mosses and other bryophytes, and Higher order species (Pavía & Bolton 
2000). 
 
Biological colonisation was found at 97% of the stone monuments examined as part of a previous study 
by Pavía & Bolton (2001) with lichens the most widespread species encountered. The current research 
also noted biological colonisation to be a constant to stone monuments. The patterns of damage 
recorded were both mechanical and chemical, ranging from minimal to significant impact on the stone 
fabric. A wide variety of biological organisms were found, and patinas of biological origin were noted on 
all observed stone types. The two key forms considered in coastal and unpolluted inland environments 
were lichens and higher order species, and their impact on archaeological stone fabrics. Lichens often 
extensively covered the stone surfaces of the monument, as at Kenmare Stone Circle and Boulder 
Burial, Co. Kerry (section 5.4.7.4 above) and to the Rock Art sites at Derrynabla and Kealduff Upper, 
Co. Kerry (sites 5.4.8.1 and 5.4.8.2 above respectively). In some cases, such as Castlehaven Castle, 
Co. Cork (section 4.5.3) and Kilmonogue Church, Co. Cork (section 5.4.4.2 above), the development of 
higher order species including ivy and tree growth was both obscuring the stone surfaces of the 
monument, and disrupting the masonry walls through root development. 
 
5.5.4.1 Lichens 
 
Lichens are a symbiotic inter-growth consisting of a fungal partner forming the visible body of a lichen 
and within, protected by threads of fungus, cells of photosynthesising algae providing nutrition. Lichens 
reproduce by means of microscopic spores capable, on finding a suitable algal partner, of colonising 
most surfaces which are reasonably stable and not too shaded or smooth. Lichens may also propagate 
by means of powdery outgrowths, minute projections or fragments scattered by wind and rain or 
dispersed by small animals. Lichens are extremely resistant to harsh conditions and can be found in any 
environment. Given sufficient light and moisture, lichens can colonise surfaces unsuitable for flowering 
plants. They grow very slowly, sometimes less than half a millimetre per annum, and many are long-
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lived. Individual lichens in post-medieval graveyards may sometimes be almost as old as the 
gravestones upon which they live.  
 
Lichens are an important biological species, and the stone monuments upon which this research 
focuses, can provide a valuable environment for the study of lichen biology and colonisation. The type 
and tolerances of lichens has been used as indicators of microclimatic change and changing levels of 
pollutants on an archaeological monument. Previous work by Cooper et al (1995) noted over 200 lichen 
species present during studies of 48 Irish quarries - with climax species composition on exposed stone 
surfaces achieved after 80 years with a normal range of between 56 and 90 different species at each 
site. Stone monuments provide favourable circumstances for the development of lichens providing a 
variety of micro-environments and nutrient-rich substrata. Limestone, sandstone, marble, and granite 
substrates due to their mineralogical content and consequent nutrient load may each have a distinctive 
lichen community. The archaeological stone surfaces of a cashel wall or of a church may vary from 
rough to smooth, shaded to exposed, damp to dry, horizontal to vertical, providing a multitude of 
habitats suitable for colonisation by lichen and a variety of other biological species. Further micro-
habitats are provided by recessed lettering or carved surfaces, soil crevices in walls, sills stained with 
iron and copper, well-established trees, wooden structures such as seats and fences, grassy areas, and 
pathways associated with the site. 
 
Lichen growth may impact on a stone surface through biogeophysical and biogeochemical processes 
(Syers and Iskandar 1973). Biogeophysically, lichens impact through rhyzoids penetrating or disrupting 
the surface of the stone and expansion and contraction of the thallus. In biogeochemical weathering, 
metabolic activity may produce carbon dioxide, oxalic acid and other weak organic acids with the 
capacity to form soluble complexes with metallic cations. These acids can also contribute to the 
disruption and breakdown of the stone surface. However, the degree of damage is ultimately related to 
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the characteristics and the condition of the stone, the nature of the organism itself, and its adhesion to 
the stone. A fuller description of lichen damage to stone can be found in Pavía and Bolton (2000).  
 
The extent to which lichens either damage or protect a stone substrate is a matter of continuing 
academic debate. Any layer or film that covers a stone surface can initially have a protective action. 
Some authors suggest that lichens generally appear to cause little of no damage to stone (eg Urquhart, 
Young & Cameron 1997). Lichens may also provide a degree of protection to the underlying stone from 
weathering - as was suggested for archaeological monuments on the island of Innismurray, Co. Sligo 
(Pavía & Bolton 2001). On the other hand, microscopic examination in the same study also showed 
evidence of carbonate and quartz particles being removed by lichen and incorporated into biological 
tissue. However, there was also a level of protection against rainfall dissolution leading to a suggestion 
that the rate of particle removal by lichen, especially in exposed locations, was lower than the rate of 
material loss through wind abrasion, atmospheric pollution and salt weathering.  
 
Lichens may also cause damage to the lime mortar typically bonding the masonry of an archaeological 
monument. Among the 15,000 species of lichen are a number of endolithic types which thrive on 
calcareous substrates such as lime mortar. Lichens may penetrate the surface of the mortar by 
mechanical action; the breakdown of crystallinity and chemical alteration of the alkaline environment 
allowing less tolerant species to enter. Traditional lime mortars are highly variable in nature (Pavía and 
Bolton 2000) and may be more susceptible to lichen growth than the stone through the depletion of 
calcium, sodium, magnesium and potassium ions. The cementing bonds of the lime mortars may also 
be broken down by fatty acids, tetronic acid derivatives, compounds with a chelating property, and 
common organic acids. The effects are superficial but continuous, breaking down the binder and 
allowing the aggregate to the removed from the surface by the thalli. 
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While lichens can cause damage to stone and mortar surfaces, a general statement that all lichens are 
causing significant damage to all stone surfaces and should be removed cannot be put forward. The 
question surrounding the presence of lichens is complicated by the question of how to remove them 
without causing even more damage to the stone substrate than leaving them in situ. Manual cleaning of 
many plant species is of limited usefulness since plant fragments will be deposited in cracks and 
irregularities and can regenerate. An aggressive cleaning method such as spraying with ill-considered 
pesticides or vigorous scrubbing may cause more damage to the stone surface than the lichen 
colonisation. Some constituents of cleaning chemicals such as phosphates may also provide a nutrient 
source and encourage rapid recolonisation. As biological species rapidly recolonise a cleaned stone 
surface, cleaning becomes part of a long-term maintenance programme for the monument and the 
cumulative effect must be taken into consideration. It should also be noted that the presence of lichen 
growth on stone monuments, grave markers etc may have possible cultural, aesthetic and heritage 
values to local communities. 
 
5.5.4.2 Higher Order Species 
 
Large plants ranging from grasses to trees can cause dramatic destruction to archaeological fabric. 
Windage caused by the weight and air obstruction of the plant may produce turning moments greater 
than the bond between mortar and masonry. Trees may also grow so large they topple the host 
structure. The development of roots is particularly disruptive to building fabrics causing ground 
movement and penetrating into the mortar joints and wall fabric of the structure. Root penetration 
causes a combination of mechanical disruption through expansion of the tip, and chemical alteration by 
creating new interfaces between the built fabric, soil and water. Expansion forces may also cause 
structural “heave”. Secondary effects include the drawing of moisture from the surrounding soil causing 
uneven settlement and structural damage. A monument which has accommodated the development of 
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higher order species such as trees and shrubs, may therefore also suffer from changing ground 
conditions and the shrinkage of the roots on their removal. 
 
Biological colonisation may also have beneficial impacts on archaeological sites and monuments. The 
planning and control of plants in archaeological areas can have beneficial effects greater than 
decorative value within the landscape. Botanical intervention can adjust microclimatic characteristics by 
reducing the levels of wind, rain impact, and solar radiation.  Plants may also absorb pollutants and may 
in some circumstances reduce the potential erosion of stone surfaces by acidic substances.  
 
5.5.5 Nature and Properties of the Stone as a Factor in Deterioration 
 
In the majority of cases, observations of the deterioration of stone at Single Wall and Single Stone Unit 
levels indicated that the nature and properties of the stone itself were significant, and probably the 
controlling, factors in the nature and rate of deterioration. At and below the shoreline, coastal change 
processes tend to dominate the nature and rate of stone deterioration (Section 4.7.3), and certain 
elevations of a building may show greater levels of deterioration due to local exposure conditions 
(Section 5.5.2).  However, when evaluating a building at Single Wall or Single Stone Unit level, and 
comparing similar stone buildings at this level of detail, the durability and weathering characteristics of 
the stone types used in the construction of the building appear to strongly influence the rate and nature 
of deterioration. 
 
The surviving structures at Nohoval, Co. Cork (Section 5.4.5.3) show a wide range of stone decay to 
both external and formerly internal wall surfaces. The local siltstone and mudstones used throughout 
are also found on the surrounding cliffs and adjacent shoreline. The surviving wall surfaces show 
different levels of stone recession throughout the site, with the masonry units showing differential 
erosion along the lamination, dissolution of natural fractures parallel and perpendicular to the bedding, 
and other decay forms dependent on the structure of the stone itself. Decay occurs to both correctly and 
 261
incorrectly positioned stone blocks, with stone recession leading to failure of the stone unit, and 
occasional failure of the surrounding masonry structure.  
 
The stone at Nohoval, Co. Cork may therefore be a potential example of the action of salt as a threshold 
phenomenon or trigger for the episodic and sometimes rapid catastrophic surface retreat often 
associated with the disruptive effects of accumulated salt loading (previously discussed in the context of 
the decay of sandstone in an urban environment in Smith et al 2002). However, the severe deterioration 
seen at Nohoval is a relatively exceptional event occurring at selective sites with particular stone types, 
and is not a commonly observable phenomenon at stone monuments in coastal or inland polluted 
environments. Similar decay forms were noted to the carved stones of the romanesque doorway at 
Kilmalkeader, Co. Kerry (Section 5.4.8.4), but is not common to the same stone type used for rubble 
stone work in the same monument. While Nohoval experiences catastrophic deterioration, older 
monuments composed of similar (though not identical) siliciclastic stone in the same area in both 
coastal and inland environments (e.g. Mountlong and Monkstown Castles, Sections 5.4.4.1 and 5.4.7.3 
respectively) do not show comparable levels of stone loss. Nohoval therefore represents an example 
the vulnerability of particular stone type to relatively rapid deterioration in a coastal environment. 
 
The manner in which the stones were used is also a factor in their deterioration. For example, the 
sandstones used on Inismurray Island, Co. Sligo (Pavía & Bolton 2001) tend to show either mild or 
strong stone decay. However, all monuments on the island showing strong stone decay are essentially 
composed of incorrectly positioned stone blocks. These are often leachta or tombstones, erect upright 
stone slabs positioned with the bedding planes aligned vertically. The deterioration of the monument 
tends to be in the form of delamination along the bedding planes, with consequent scaling of the carved 
surface. Blocks which are correctly positioned and used in the enclosing cashel and the Men’s church 
do not show the same level of deterioration. This form of decay is also common to cross slabs showing 
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a laminated internal structure, as seen at Gallarus, Co. Kerry (Section 5.4.8.5) where delamination 
along the vertically aligned bedding planes or scaling is the key point of failure. 
 
Siliciclastic rocks is a general term encompassing a wide range of stone types including sandstones, 
mudstones and siltstones. The nature of the component materials and binding agent found in these rock 
types may be complex, and may show wide variations in surface appearance, durability and weathering 
characteristics (Tucker 1991). Different rates of deterioration may be seen within individual stone units 
following the structure of the stone itself, including differential erosion along the sedimentary bedding, 
alveolar erosion from the loss of clasts to clast-containing sandstones and conglomerates, and clasts 
standing proud of the stone surface where dissolution of the cement was the main form of deterioration. 
The forms of deterioration found were intrinsically linked with the nature and structure of the stone itself, 
with the key trigger likely to be water acting on the “softer” stone material. There is therefore an 
observed tendency to greater decay at the coast (Table 5.23). However, it is difficult to determine the 
origin of this tendency, or a clear single cause due to the complexity seen within the different siliciclastic 
stone types used in the construction of archaeological monuments. While Nohoval potentially provides 
the classical example of catastrophic salt-related damage to a stone unit, it is an exceptional case, and 
not representative of monuments found in either coastal or unpolluted inland environments.  
 
5.5.6 Evidence of Marine Salt-Induced Damage 
 
One of the key features of the existing literature is the impact of salts of marine origin in the deterioration 
of historic stone monuments (Section 6.3.4). While a tendency to greater levels of strong stone decay 
were observed in coastal monuments from assessment of the visual indicators of decay (Table 5.23), 
the observed decay could often be attributed to exposure, building morphology or the nature and 
properties of the stone itself. The coastal sites did not appear to share any common characteristics such 
as visual indications of salt effloresence, or any significant damage which could be directly attributed to 
marine salts without laboratory analyses. 
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Monuments located at or immediately adjacent to the high water mark, such as Ballinaskelligs Caslte, 
Co. Kerry (Section 4.4.3) and Shippool Castle, Co. Cork, (Section 4.4.5) did not show any well-
developed decay forms which could be directly attributed to the action of marine salts, nor did the 
elements located immediately adjacent to seawater show significantly greater levels of damage. Further, 
the ogham stone at Derrynane, Co. Kerry (Section 5.4.4.4) recovered from the sea in the 1940s and 
then re-erected on the shore, does not show well-developed decay forms or any indications of salt-
induced damage, and the inscription is largely intact. Furthermore, the Derrynane ogham stone does not 
show a greater degree of deterioration than the other ten ogham stones evaluated in Co. Kerrry at 
Lugnaguppal (coastal) and Dunloe (inland) (Appendix IV). This series of ogham stones should, in the 
context of previous studies on coastal stone decay where salts have been shown to be important 
controlling factors in the deterioration of stone monuments (Fassina et al 1994, Zezza 1996, Chabas & 
Jeannette 2001), show different levels of damage to the immersed and currently inter-tidal ogham stone 
at Derrynane, the coastal ogham stone at Lugnaguppal, and the inland [and sometimes formerly buried] 
stones at Dunloe.  However, the stones show mild stone decay forms, with no evidence of salt-induced 
or other significant damage. A recent study (McCabe et al 2006) notes the complications of past 
weathering and stresses on sandstone buildings in identifying salt weathering, and even where salt 
weathering is suggested as the dominant factor in sandstone decay (e.g to Bonamargy Friary, Co. 
Antrim in McCabe et al 2007a) salts of marine origin were not reported in significant amounts.  There is 
therefore a need, in order to address the central aim of this research, to address the question of why the 
stones do not show the expected levels of damage. Given the complexity of siliciclastic rock types 
(Section 5.5.5), it appears necessary to further focus the research on a more homogenous stone type, 
commonly showing salt-induced damage in coastal environments of mainland Europe, and commonly 
used in Irish archaeological monuments (see Chapter 6). 
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5.5.7 Other Factors and Combinations of Factors having an Impact of Stone Deterioration 
 
Stone monuments often show a complex history of weathering and exposure, repairs, re-use and 
adaptations of the structure, war damage (e.g. Minard Castle, Co. Kerry, Section 5.4.5.1), stone 
robbing, vandalism and previous conservation and maintenance work.  A number of sites, such as 
Aghadoe Round Tower, Co. Kerry (Section 5.4.8.3), showed lime leaching damage from previous 
repairs using portland cement mortars which are incompatible with the historic masonry. This history or 
use, abandonment, exposure, and re-use, repair and alteration can have a significant effect on the 
susceptibility of a monument, or a part of a monument to deterioration of the stone masonry. This history 
of exposure may also combine with other relevant factors to threaten the integrity and survival of a stone 
monument. However, the majority of these factors, with the notable exceptions of biological colonisation 
(Section 5.5.4) and coastal erosion (discussed in detail in Chapter 4), tended to be site-specific, and 
while having potential for further interesting research, were not considered directly relevant to the main 
concerns of this research. Consequently, these other factors are noted where they occur in the case 
studies, but will not be evaluated in greater detail. 
 
5.6 Summary 
 
One of the key observations of this research is that all walls of a ruined, roofless structure should be 
considered as external walls for weathering purposes. Some stones may show greater levels of surface 
alteration and/or surface recession if located in a very exposed environment (Section 5.5.2). However, 
the majority of the evaluated stone monuments did not show any significant variation in overall 
weathering between coastal and unpolluted inland environments, apart from the intensity of biological 
colonisation (Section 5.5.4). In some instances where the stone appears particularly vulnerable to 
deterioration, (Section 5.4.5.3), catastrophic surface recession leading to failure of individual stone units 
could be observed to both internal and external wall surfaces.  
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The intensity of observed decay may range from mild to strong across many different scales including 
Multi-Building, Single-Building, Single Wall, and Single Stone Unit. The overall findings of this chapter 
suggest that there is a general tendency for monuments composed of siliciclastic rock types located on 
or adjacent to the coastline to show more severe deterioration than similar monuments located in 
unpolluted inland environments when examined at a large scale. However, when focusing the 
evaluation at a greater level of detail, a more complex picture of stone deterioration emerges, with no 
clear indication as to the cause of this greater severity of deterioration, and no clear indication that this 
variation is due to salts of marine origin or other coastal-specific factors as identified in previous 
European research. In many cases, the particular features and properties of the individual stones or the 
morphology of the monument or level of exposure emerge as the primary factor governing the rate and 
severity of deterioration of the monument. There does not appear to be any particular occurrence of 
salt-induced decay forms, and salt effloresence was not noted at any of the surveyed sites. 
 
The evaluation of coastal erosion in Chapter 4 showed that the coast brings particular impacts to bear 
on stone monuments regardless of stone type - with monuments composed of limestone, siliciclastic 
rocks and granite all showing physical abrasion and corrasion. This chapter has shown that coastal 
monuments composed of siliciclastic rock types are experiencing greater degrees of deterioration than 
comparable monuments located in inland unpolluted environments, but the reasons for this variation are 
not clear. The siliciclastic stone types examined may be too diverse in nature, composition and 
properties to identify and isolate a single common key decay agent, if such an agent is present. It is also 
difficult to compare the decay of the different stone types in a meaningful way at greater levels of detail. 
The decay processes inducing stone surface alteration and/or surface recession to coarse-grained 
conglomerates and fine-grained siltstones and mudstones are not easily comparable. Further, there are 
too many variations in the properties and decay forms exhibited by the wide range of siliciclastic rocks 
found in the 108 monuments under consideration to allow meaningful comparison at a more detailed 
level of scrutiny than Single-Building or Single-Wall level.  
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A decision was made to further focus the research by more detailed evaluation (including laboratory 
analyses) of a single stone type, incorporating the general findings to date, including the findings that 
there is a greater tendency for strong stone decay at the coast, and that there are specific coastal 
change processes which can have a detrimental impact on archaeological monuments. The key stone 
types found in the Irish archaeological record (Wilkinson 1845, Pavía and Bolton 2000, 2001) include 
siliciclastic rocks (sandstones, mudstones and siltstones), limestones and granite. Granite is a well-
defined rock type in both mineralogy and texture, and is found as carved, dressed, ashlar and rubble 
stone in the Irish archaeological record (Wilkinson 1845, Pavía & Bolton 2000, 2001), and occurs in both 
coastal and unpolluted inland environments.  Granite occurs in a number of distinct extrusions in the 
Republic of Ireland – in Leinster, Galway and Donegal, and was favoured for construction as a durable 
stone type (Wilkinson 1845). Granite has also been the focus of previous comparable research into the 
weathering of coastal stone monuments in Europe (e.g. Mottershead 2000, Chabas & Jeannette 2001) 
which provides a valuable literature base for review and comparison. In order to progress the evaluation 
of the central research question, it is recommended that the following steps be undertaken: 
 
• Literature review of the historic use and decay of granitic rocks on the coastline of the Republic of 
Ireland, and comparison with previous studies from mainland Europe. 
• Identification of a representative range of Irish stone monument types, composed of granitic rock 
types, allowing comparison between coastal and unpolluted inland environments. 
• Evaluation of monuments by rapid site surveys through the established methodology. 
• Collation of information to allow meaningful comparison between different types of archaeological 
monument. 
• Evaluation and analysis of collected data to identify key issues or emerging trends. 
• Comparison of results with data on siliciclastic rock types. 
• Laboratory investigation to evaluate the presence and impact of salts of marine origin on the 
surveyed granitic stone monuments. 
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Further focusing of the research by addressing these steps will allow the details of decay mechanisms 
affecting monuments in coastal and unpolluted inland environments to be addressed through a detailed 
case study of granitic rocks. 
6. Granite 
 
6.1 Introduction 
 
The overall aim of the research is to evaluate whether archaeological stone monuments located on the 
coast are at greater risk of stone decay and deterioration than similar monuments located in unpolluted 
inland environments. The coast is often characterised as a particularly aggressive environment, where 
natural and artificial pollutants enter a system based on rapid change. Water is one of the chief agents 
affecting the decay of building stone, and is present in abundance at the coast. It is generally accepted 
that rock degradation proceeds faster in a wet environment (Kühnel 2000), and that the salt-induced 
decay derived from the marine environment accelerates decay mechanisms (Zezza 2000). These 
factors combine in coastal environments, and have been the subject of previous research elsewhere in 
Europe into the study of the relationship between severities and rates of stone decay and increasing 
proximity to the coast.  
 
The evaluation of stone monuments composed of siliclastic rock types including conglomerates, 
sandstone, siltstones and mudstones (discussed in Section 5.6) showed a general tendency for coastal 
monuments composed of these rock types to show more severe deterioration than comparable 
monuments located in unpolluted inland sites. However, the reasons for this variation are not clear. The 
siliclastic stone types of the 108 monuments examined in Chapter 5 are too diverse in nature, 
composition, properties and exhibited decay forms to allow trends to be identified except in the most 
general way. There was no clear indication as to the cause of this greater severity of deterioration to 
coastal monuments, and no clear indication that any variations could be attributed or associated with 
salts of marine origin or any other coastal-specific factors as previously identified from studies from 
mainland Europe. It was therefore decided to further focus the research by more detailed evaluation of 
one specific stone type – granite. 
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Granite is a well-defined petrographic group in both mineralogy and texture (MacKensie et al 1982, 
Twidale 1982, Lapidus 2003, Migon 2006), occurring in a number of distinct extrusions in the Republic 
of Ireland (including Leinster, Galway and Donegal), and is well-represented as a building stone in the 
Irish archaeological record (Wilkinson 1845, Pavía & Bolton 2000, 2001). It is one of the most important 
historic building stones in Ireland, and was used locally within granite bedrock areas, and also 
transported extensively around Ireland as a high quality building material (Wilkinson 1845). Previous 
studies from mainland Europe have shown strong links between the intensity of weathering forms 
associated with the decay of granitic rocks and proximity to the coast (discussed in Section 6.3), with 
the presence of salts of marine origin as a strong influencing factor.  
 
The overall aim of this chapter is to evaluate whether monuments built of granitic stone types in the 
Republic of Ireland show more significant or more intense weathering forms than comparable 
monuments located in unpolluted inland environments. To achieve this aim, a number of specific tasks 
were set: 
 
• To identify a sample population appropriate to the aim of the study. 
• To evaluate the current condition of granitic stone monuments in coastal and unpolluted inland 
environments by means of rapid site surveys examining visual indicators of stone decay. 
• To evaluate and analyse the data collected to identify any variation[s] in the type[s], extent and 
severity of deterioration to granitic stone surfaces in these two environments. 
• To evaluate the presence and/or impact of specific decay forms [scaling and granular disintegration] 
associated with salts of marine origin by previous authors on these stone surfaces. 
• To critically evaluate the data focusing on the overall research question. 
 
6.2 Methodology 
 
The methodology comprised a Desktop Survey to enable the selection of a representative sample of 
granitic stone monuments, and the selection and adaptation of appropriate Field Survey Techniques to 
address the overall aims of the research. 
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6.2.1 Desktop Survey 
 
Sites were selected from three of the four granite extrusions on the island of Ireland – Leinster, Galway 
and Donegal. Sites were selected using the methodology outlined in Section 5.2, selecting monument 
types that would be representative of the range of stone monuments found in the Irish archaeological 
record and with a reasonable probability that the monument be constructed of granitic stone. The sites 
were identified using the Record of Monuments and Places and the archaeological surveys and 
inventories of the Department of Environment, Heritage and Local Government, published geological 
maps and information from the Geological Survey of Ireland. A total of 88 granitic stone monuments 
were examined, consisting of 33 sites located on or adjacent to the shoreline, and 55 monuments 
located in inland unpolluted environments (Table 6.1 below). Much of the existing literature (Bell & 
Cooper 1994, Delgado-Rodriguez 1996, Pavía et al 1996, Schiavon et al 1996, Silva et al 1996, 
Uruqhuart et al 1997, Young et al 1996) has focused on monumental granitic stone surfaces in urban 
areas and the formation of gypsum crusts and iron-rich patinas (e.g. Bell & Cooper 1994). Due to the 
complexity of the interactions between anthropogenic urban pollutants and the formation of harmful 
salts, urban areas were excluded from the focus of the research question at an early stage. The 
research instead focuses on the collection and evaluation of new data from monuments located in 
coastal and unpolluted inland environments where the nature and severity of deterioration may be more 
clearly understood (Table 6.1). 
Coastal Inland 
No. Site No. Site 
1.  Blackrock Stone Cross, Dublin 1.  Brownshill Portal Tomb, Carlow 
2.  Booterstown Martello Tower, Dublin 2.  Bagnelstown Courthouse, Carlow 
3.  Dalkey Island Martello Tower, Dublin 3.  Kilcloneymore Court Tomb, Donegal 
4.  Battery Fort, Dalkey Island, Dublin 4.  Kilcloneymore Portal Tombs, Donegal 
5.  Inscribed Cross, Dalkey Island, Dublin 5.  Owenea Standing Stone, Donegal 
6.  St. Begnet’s Church, Dalkey Island, Dublin 6.  Ballybrack Portal Tomb, Dublin 
7.  Sandymount Martello Tower, Dublin 7.  Kilininny Tower, Tallaght,  Dublin 
8.  Seapoint Martello Tower, Dublin 8.  Kilternan Portal Tomb, Dublin 
9.  Ballemicro Castle, Galway 9.  Kilternan Church, Dublin 
10.  Goreen Church, Omey Island, Galway 10.  Pucks Castle, Dublin 
11.  St. Macdara's Church, Galway 11.  Rathdown Slabs 1 & 2, Whitechurch, Dublin 
12.  St. Macdara's Cross, St. Macdara's Island, Galway 12.  Whitechurch Church, Whitechurch, Dublin 
13.  Rossaveal Field System, Galway 13.  Castledermot High Cross 1, Kildare 
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14.  Lady’s Island Church, Wexford 14.  Castledermot High Cross 2,  Kildare 
15.  Lady’s Island Mural Tower, Wexford 15.  Castledermot Romanesque Doorway, Kildare 
16.  Lady’s Island Tower House, Wexford 16.  Castledermot Round Tower, Kildare 
17.  St. Crispins Cell, Greystones, Wicklow 17.  Castledermot Hogback Grave, Kildare 
18.  Gate Lodge, Bray, Wicklow 18.  Moone High Cross, Kildare 
19.  Railway Bridge, Bray, Wicklow 19.  Sleaty Cross 1, Laois 
20.  Railway Embankment, Bray, Wicklow 20.  Sleaty Cross 2, Laois 
21.  West Pier, Dun Laoghaire Harbour, Co. Dublin 21.  Ferns Cross 1, Wexford 
22.  Bullock Harbour, Co. Dublin 22.  Ferns Cross 2, Wexford 
23.  Bullock Martello, Co. Dublin 23.  Ferns Cross 3, Wexford 
24.  Bullock Castle, Co. Dublin 24.  Iberius' Church, Wexford 
25.  Sandycove Harbour, Co. Dublin 25.  St. Margarets Church, Wexford 
26.  Sandycove Martello, Co. Dublin 26.  Baltinglas Abbey, Wicklow 
27.  Sandycove Fort, Co. Dublin 27.  Fairy Hill Cross Bray, Wicklow 
28.  Monkstown Castle 28.  Fassaroe Castle, Wicklow 
29.  Lady's Well Quarry and Landing Place 29.  Kilmacanogue Church, Wicklow 
30.  Coliemore Harbour 30.  Old Conna Church Bray, Wicklow 
31.  Marino West Church 31.  Oldcourt Castle Bray, Wicklow 
32.  Marino West Font 32.  Raheenacluig Church Bray, Wicklow 
33.  Marino West Cross 33.  Rathshillane Castle, Wexford 
  34.  St. Valeries Cross Bray, Wicklow 
  35.  Leopardstown Stone Cross & base,  Co. Dublin 
  36-38 Kill Abbey, Cross & Font, Co. Dublin 
  39-40 Kilmashogue Megalithic Tomb & Rock Art, Co. Dublin 
  41-42 Kilgobbin Church & High Cross, Co. Dublin 
  43 Fairy Castle Cairn, Co. Dublin 
  44 Ballyedmonduff Megalithic Tomb, Co. Dublin 
  45 Hilltop Standing Stone, Co. Dublin 
  46-47 Jamestown Cross & Well, Co. Dublin 
  48-50 Tully Church, Cross & High Cross, Co. Dublin 
  51-52 Rathmichael Church &  Round Tower, Co. Dublin 
  53 Shankill Cross, Co. Dublin 
  54 Ballycorus Lead Mine, Co. Dublin 
  55 Brennanstown Standing Ston, Co. Dublin e 
Table 6.1: Coastal and Inland Stone Monuments Composed of Granitic Rock Types from the Leinster, Galway and Donegal 
Batholiths. 
 
6.2.2 Field Survey Techniques  
 
The field survey techniques comprised a Rapid Site Survey (Section 5.2 and Appendix I) following a 
previously developed process (Pavía and Bolton 2001). The record for each site comprised a standard 
recording form and a digital photographic record of the monument. Specific field techniques were used 
to allow petrographic assessment of the stone surfaces in situ, with limited sampling also undertaken to 
allow laboratory analysis of granitic stone from these sites (Section 7.3.2).  
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6.3 Literature Review 
 
The deterioration of granite rocks is a complex highly specialised area, with the key findings and 
arguments in the deterioration processes and mechanisms affecting historic stone surfaces originating 
from research across Europe. In order to focus on the deterioration of Irish historic stone surfaces, it is 
first necessary to draw on this wide ranging literature to clearly establish the nature and vulnerabilities of 
granite and granitic rocks, how they decay, and the complex impact of salts. With this knowledge base 
established, the research will progress to detailed evaluations of Irish stone monuments in Section 4. 
  
6.3.1 Granite and Granitic Rocks 
 
Granites are coarse-grained alkali-rich plutonic igneous rocks originating by crystallisation from the 
molten silicate mass of magma from deep-seated zones in the Earth's crust (Lapidus 2003). They often 
occur in large masses frequently identifiable in the landscape by their characteristic geomorphology, 
and the occurrence of boulders normally consisting of a corestone surrounded by a large number of 
roughly concentric sheets of weathered rock. The boulders may vary in size, type and frequency of 
occurrence as a result of the textural features of the stone, the tectonic history of the rock mass and 
regional climatic conditions.  
 
Granites have an acidic composition and are composed principally of quartz and one or two feldspars, 
and commonly contain hornblende and micas such as biotite and muscovite. Minor components may 
include amphiboles, pyroxenes, apatite, and iron oxides. Granitic rocks have an average porosity of 
between 1 and 5% (as compared with porosity values of up to 30% for calcareous stones such as 
limestones and sandstones), though porosity has been shown to increase as weathering progresses. 
Urquhart et al (1997) noted that many granites show a normal porosity of less than 5%, with pore 
spaces caused by chemical or physical processes such as the weathering of minerals or fracturing. The 
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low porosity and permeability of granitic rocks slows the relative rate of decay in comparison to other 
common rock types. 
 
Granite is a well-defined petrographic group in both mineralogy and texture (MacKensie et al 1982). It is 
a holocrystalline stone typically showing a granular texture. Several varieties of granite have been 
defined. For example, mica-rich granites may be defined as biotite-granites or muscovite-granites. 
Granitic rocks may exhibit varying degrees of parallel disposition of elongated or tabular crystals of 
feldspar, mica etc conferring a gneissic structure or banding to the rock. However, in the field of stone 
conservation it is common practice to include other rock-types (similar  in appearance but not in physical 
properties to granite) such as granodiorites, diorite and monzonite under the generic heading of granitic 
rocks (Lapidus 2003). 
 
Feldspar tends to be the major component of granitic rocks. Alkali feldspars including sodium-feldspar 
(albite) and pottasium-feldpsar (orthose and microcline) normally form 30-90% of the total feldpar, and 
along with plagioclases (sodic/calcic) often dominate the composition of granites in quantitative terms 
(Delagado-Rodriguez et al 1996). Feldspar is an important determinant of the colour of the rock, with 
two varieties present - orthoclase (appearing white-pink-red) and plagioclase (appearing white-grey, 
rarely yellow-brown-pink) (Uqhuart et al 1997). The surface colour of granites is also affected by other 
minerals such as silvery mica, dark-coloured ferromagnesian minerals (such a biotite mica/hornblende) 
and other accessory minerals which may be present in small amounts. Colour alteration is a 
consideration when assessing the weathering of any rock type. Granitic rocks have two main spectral 
components: light-coloured whitish minerals (mainly feldspars and quartz), and dark-coloured, brown-
black ferromagnesian components (including iron oxides, biotite, pyroxenes and amphiboles). Staining 
arising from weathering of the granite or the presence of iron fixtures may also be visible. Surface colour 
is also affected by factors including incidence and angle of sunlight, and surface roughness.  Colour 
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quantification of granitic rocks poses some technical problems as average colour may not have an 
actual counterpart on the rock surface. 
 
The hardness and strength of the other main component of granite, quartz, strongly influences the 
specific behaviour of all granites. Quartz is harder, stronger and less deformable than feldspars, and this 
contrast in properties tends to be the most typical characteristic of granitic rocks. Under tectonic stress, 
quartz is brittle whereas feldspars exhibit ductile behaviour, consequently a large mass of quartz may 
appear badly fissured whereas feldspars deform more uniformly with less rupture events. This property 
leads to important consequences regarding weathering behaviour, and the cause of most of the decay 
features detected in granitic rocks can be traced to differences in properties between quartz and 
feldspars. This differential behaviour is enhanced by an increase in grain size, thus coarse-grained 
granitic rocks will normally decay at a faster rate than fine-grained rocks, all other factors being equal. 
 
6.3.2 The Exploitation and Use of Granitic Rocks for Building in Ireland 
 
Granitic rocks have been used from prehistory to the present day at a wide range of sites on the 
European mainland for the construction of substantial built monuments. Granite is used where it occurs 
naturally, as for example in the granite bedrock regions of northern Portugal (Delgado-Rodrigues 1996) 
and also transported for special projects, such as Forum of Trajan in Rome (Vianello 2006) and 
classical temples in Greece (Chabas & Jeanette 2001). The results of the fieldwork, and previous 
studies (e.g. Pavía and Bolton 2001), has shown that the majority of the stone found in Irish 
archaeological monuments tends to be extracted where the local bedrock is exposed on the surface, or 
is composed of other locally available stone such as stone deposited through glacial action. In addition, 
the previous research has shown evidence for the transportation of granitic rocks around Ireland as a 
prestigious and durable building material, mainly for post-medieval building. It is first necessary to 
examine the occurrence and exploitation of granitic rocks in the Irish landscape. 
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Granitic rocks occur in several large intrusions in Ireland. The Leinster batholith is the most extensive of 
these intrusions extending for approximately 1600km2 (Bell 1992).  It was used extensively for building 
in counties Dublin, Wicklow, Kildare, Carlow, Kilkenny and Wexford (Wilkinson 1845, Pavía and Bolton 
2000). This is a grey, occasionally pink, medium to coarse grained rock composed of quartz (30%), 
potash feldspar (35%), plagioclase (25%), muscovite (7%) and biotite (3%) and containing minor 
amounts of other minerals (Kelly 1985). Granite boulders [glacial erratics] were commonly used in many 
areas of Ireland for quarrying, as these can show slightly to severely weathered surfaces. Wilkinson 
(1845:202) notes that in Co. Carlow in the Leinster batholith: 
 
"The solid rock is seldom quarried, most of the stone being procured from the numerous detached boulders which 
cover the surface. Near the boundary of the granite the quarries, or rather fields are very extensive, covering an 
area from 10 to 11 miles in length, by 2 to 4 miles in breadth, from which any quantity may be obtained in blocks, 
varying in size to 10 tons and upwards". 
 
Numerous granite quarries are described in the historical literature. However the majority of these had 
closed by the late 19th century. Lamplugh et al (1903:64) note: 
 
“Leinster granite is the chief local building stone. In strength, durability and appearance it is well suited for the 
purpose but it is somewhat expensive to trim. It is worked on a somewhat limited scale in numerous quarries, but 
not on an extensive scale in any of them within the present map [Dublin County], the chief supply for Dublin being 
obtained from the Blessington district, farther south-westward (Co. Wicklow), where the stone is less difficult to 
dress, though not as durable as the Kiliney stone …The high walls which surround the various demesnes in the 
country south of Dublin are nearly all built with this rock, largely obtained from the loose boulders with which this 
district was formerly strewn … The granite quarries now in operation are comparatively unimportant, and all are 
shallow openings …  Several large quarries which were worked about Dalkey and at Glasthule (Kingstown), have 
been abandoned for some fourteen years” 
 
Granitic rocks in Connemara, Co. Galway have a complex structure, including a number of rock types 
which vary in colour and texture. The colour varies from grey to pink, pale red and green, and the 
texture varies from fine to medium and coarse (Pavía and Bolton 2000). Granitic rocks when examined 
under the petrographic microscope tend to show large and well shaped early phase minerals; later 
phases tend to grow as interlocking crystals; and the ‘last’, usually quartz, fill in the interstices. Granite 
can also be found elsewhere in Ireland, for example in the Mourne Mountains of Co. Down in Ulster, the 
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several plutons comprising the Donegal batholith in Co. Donegal (Long and McConnell 1999) and also 
occurring as isolated instances surrounded by other rock types, for example in Drogheda town, Co. 
Louth (McConnell et al 2001). 
 
The rate and intensity of rock deterioration may also be related to the cumulative effect of previous 
weathering events, environmental conditions and cleaning or repair interventions. These can include 
both structural and chemical effects including mineral alteration, pore alteration and surface crust 
development which alter stone durability allowing greater susceptibility to decay by reducing ability to 
resist imposed stress (Warke 1996). Sound granitic rock is generally a very hard substance, resistant to 
decay, and resistant to quarrying (Wilkinson 1845), making the extraction of granite stone for building 
purposes an expensive and difficult task. To overcome this, quarrymen would naturally tend to favour 
the exploitation of slightly or moderately weathered zones, as seen in the choice for the softer Golden 
Hills granite in Dublin in favour of the local bedrock at Seapoint, Co. Dublin during the construction of 
Dun Laoghaire harbour and the construction of the Dublin - Dun Laoghaire railway in the nineteenth 
century.  The common use of glacial erratic boulders, the tendency for masons to favour easily quarried, 
and therefore less durable stone and the cumulative effects of previous weathering events, 
environmental conditions and cleaning interventions indicates that slightly to moderately weathered 
granitic stones may be commonly found in Irish historic buildings and archaeological monuments.  
 
6.3.3 The Decay of Granitic Rocks 
 
Rocks (within the lithosphere) consist of a system of combined minerals in equilibrium. When exposed 
to the atmosphere, hydrosphere and biosphere at the earth’s surface begin a process of change to form 
a new equilibrium with the new environmental conditions. This dynamic process of change, or 
weathering, occurs through both physical and chemical means. Granitic rocks are subject to these same 
weathering agents and processes as other rock types. The following agents directly cause the decay of 
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granitic rocks (Pavía and Bolton 2000): Water, Atmospheric Pollution, Ice, Thermal Changes, Wind, 
Living organisms, and Salts.  
 
Granitic rocks chemically weather through a series of superficial chemical reactions between the rock, 
the atmosphere and water according to mineralogical composition, texture and the surrounding 
chemical environment. The chemical process of weathering is aided by mechanical breakup of the stone 
leading to enlargement of mineral surfaces, providing greater access for oxygen and moisture. Variables 
affecting the rate of weathering include climate, the composition and properties of the stone, biological 
activity, anthropogenic influences, the surrounding topography, the geometry of the building and time 
(Pavía and Bolton 2000). 
 
Granitic rocks arrive at the Earth's surface through a process of migration by erosion of overlying 
deposits. During this period, granites undergo both chemical decay (dueteric alteration) and physical 
decay (unloading and cooling) leading to a degree of fissuration, dilation, incipient crack formation, and 
the addition of secondary minerals including clays which play a decisive role in their future performance 
as a building stone (Twidale 1982, Migon 2006).  
 
High quality granites are very hard and durable, and quarrying the stone becomes an expensive and 
difficult task. Consequently, common international historic practice of stone exploitation has favoured 
slightly to moderately (and occasionally highly) weathered zones. Wilkinson (1845) notes that during the 
construction of Dun Laoghaire harbour, the masons preferred the granite from the Dublin Mountains at 
Three Rock to the granite exposed on the coast and in the town of Dun Laoghaire. The choice of pre-
weathered or “softer” stone for building purposes can have severe consequences regarding subsequent 
stone behaviour. Inherited effects in granitic rocks may include chemical alteration of feldspar and mica, 
increase in the density of fissures and a consequent increase in overall porosity.  Sound granite may 
have porosity values of < 1%, whereas a pre-weathered stone may show porosity of between 2-5%, 
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allowing vulnerability to decay mechanisms and relatively rapid weathering (Delgado-Rodriguez 1996). 
The presence of large amounts of secondary minerals in pre-weathered granites can lead to rapid 
degradation of quarried stone once extracted from its natural environment. Other special structural 
features such as fractures and fissures inherited from tectonic stresses and unloading may also 
influence water penetration rates and mechanical strength. Fissuration, porosity, permeability and the 
presence of clay minerals must all be taken into consideration when examining the decay of granitic 
rocks. Slightly to moderately weathered stones are commonly found in stone monuments, and this 
inherited feature of the material leads to stones showing fast decay rates, especially when subject to 
humidity and temperature cycles or when subjected to salt crystallisation. 
 
The two main decay processes typically found on granitic rocks surfaces (Delgado-Rodriguez 1996) are: 
 
1. Scaling: The detachment of large pieces of a stone surface with regular shapes parallel to the 
original surface of the stone. This process is discontinuous, but once formed the scale and 
consequently the entire surface may be lost within a short time-frame. 
2. Granular disintegration: The loss of small particles similar in shape and dimension to the 
mineral components of the stone. This is a continuous and progressive process usually 
affecting the entire stone, and evolution rates may be greater than those found in the formation 
of scales. 
 
Other decay forms can also be found on granitic rocks, including fracturing, brown staining and 
differential weathering where quartz bands are present. A number of external factors also contribute to 
the decay of granitic rocks including the presence of gypsum and salts of marine origin. 
 
6.3.4 Salt and the Deterioration of Stone 
 
The formation, transport, and crystallisation of salts in rocks and other porous building materials has 
been widely recognised as one of the primary causes of the deterioration of historical architecture, 
archaeological monuments and archaeological objects (Amoroso and Fassina 1983, Winkler 1994, 
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Price 1996, Rodriguez-Navarro and Doehne1999). The crystallisation of salts within a granitic rock can 
be a complex and very destructive weathering process leading to decay forms such as scaling, flaking, 
effloresence and granular disintegration, and the research focused on this line of enquiry. 
 
Salts are soft, light minerals which are highly susceptible to dissolution and recrystallisation. They 
dissolve in water, move in solution and crystallise when water evaporation takes place. All circulating 
waters are salt solutions, and may contain Na (sodium), K (potassium), Ca (calcium), Mg (magnesium), 
SO4(sulphates), NO3c(nitrates),  and Cl (chlorine). Salts may not always be the original cause of 
deterioration, but their presence in conjunction with water and/or moisture increases significantly the 
deterioration rate of a stone. Charola (2000) records that the presence of water and/or moisture in 
porous material is as important as the type of salt and the nature, texture, porosity, and interior surface 
of the material; and that salts significantly impact on the weathering of stone, with scaling and granular 
disintegration being ubiquitous to all stone types. Granite is typically considered to be a strong, durable 
material, but has been shown to be susceptible to the action of soluble salts (Delgado Rodrigues 1996). 
 
Salts may originate from ions leached out from the weathering of stones and soils, evaporated water 
from buildings, lakes and the sea. As water evaporates, the solutions become increasingly concentrated 
until a point of supersaturation is reached, and the salt precipitates. More than one salt may be 
contained in a solution, and these may precipitate during different phases. Stones in coastal areas of 
mainland Europe do exhibit more severe weathering than similar inland counterparts, and while this is 
linked to salts, all of the details are not clear. Aires-Barros (2002) summarises the complex process of 
salt decay as involving stress as a result of: 
 
1. Pressure in the pore walls due to the formation of salt crystals from solution 
2. Thermal stresses exerted by the expansion of salts in confined spaces 
3. Hydration stresses 
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These processes may also interact (Warke 1996), and the crack-enhancing effect of the salt solution 
can lead to considerable rock damage even if little pressure is being exerted by the salts (Rodriguez-
Navarro and Doehne 1999). In addition to this, the stone surface in a marine environment may normally 
experience increased wetness times and alterations in freeze-thaw cycles. The interaction of salt, 
environment, and stone is believed to depend on three primary variables (Price 1996): 
 
1. Solubility of the salts and salt mixtures that are present 
2. Prevailing environmental conditions and the rate and amplitudes of environmental fluctuations 
3. Pore space structure of the surrounding matrix.  
 
A further very important parameter affecting the level of salt crystallisation damage appears to be 
evaporation rate, which in turn influences the location of crystallisation and the supersaturation ratio 
reached prior to crystallisation. Salt crystallisation in the pore network of a stone material is therefore an 
important and aggressive process participating in the decay of stone.  
 
Sources for salts in building materials (Ashurst 1994,Charola 2000,  Pavía and Bolton 2000) may 
include atmospheric pollution, other building materials (e.g. alkaline sulphates may originate from the 
use of Portland cement for repair and restoration works), groundwater, de-icing of roads with sodium 
chloride (halite), salinisation of soil in arid environments, desert dust , biological organisms (e.g. nitrate 
salts through contamination of roof areas and architectural details by bird droppings), and marine 
aerosol (sea spray) . 
 
Much of the existing literature base on the interaction between salts and building materials has focused 
on monuments in urban areas (e.g. Schiavon et al 1994, Smith and Warke 1996). The two main impacts 
on granitic stone surfaces in urban areas are the formation of gypsum salt crusts, and the formation of 
iron-rich patinas. The significant impact of anthropogenically influenced soiling products on granitic 
stone surfaces have been noted to monuments in many case studies, for example in Dublin, Aberdeen, 
Scotland, and Portugal (Bell and Cooper 1994, Van Grieken 1994, Schiavon et al 1996). Due to the 
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complexity of the interactions between anthropogenic urban pollutants, this research focused on the 
problem of salts of marine origin on stone surfaces.  
 
6.3.4.1 The Problem of Salts of Marine Origin 
 
Salts of marine origin have been a focus for investigation as a significant factor in the decay of building 
stones (Arnold and Zehnder 1989, Alves and Braga 1996, Galan et al 1996, Silva et al 1996, Zezza 
1996, Rodriguez-Navarro and Doehne 1999, Charola 2000, Chabas and Jeanette 2001, Doehne 2002, 
McCabe et al 2006). Marine aerosol includes a range of particles termed according to their physical 
characteristics such as film drops, jet drops, sea-water drops, brine drops, hydroscopic salt drops, sea-
salt nuclei and sea-salt particles. These drops are formed from bubbles bursting in the whitecaps of 
waves where a large amount of air and water are mixed. Marine aerosol salts are derived from the 
emission of these minute airborne drops of sea water creating sea salt particles by evaporation (mainly 
Na, Cl, Mg, SO4). Sodium Chloride (NaCl), the most common salt in oceans, can be carried up to 200 
miles inland, settling on the ground and on building surfaces (Winkler 1994). Marine salt originated 
damage has been noted by numerous authors to European cities around the Mediterranean, the North 
Sea and to the Atlantic coast. Galán et al (1996) state (primarily in the context of limestone and marble 
building stone) that the degradation of built heritage of the Mediterranean region can be attributed (in 
order of importance) to the following factors:  
 
1. Marine spray activity 
2. Industrial and urban pollution (at a local level) 
3. Other factors (such as saline rising damp, and percolating waters) 
 
The examination of buildings has also considered vertical zonation of sea-salt related damage to 
building facades. Arnold and Zehnder (1989) described three zones. The zone at ground level shows 
permanent humidity with no appreciable salt crystallisation. In the zone immediately above, a band of 
concentrated salt crystallisation occurs (mainly sulphates, carbonates and nitrates) showing severe 
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granular disintegration and scaling. The uppermost zone shows less deterioration though nitrates and 
chlorides can be detected. In general, low solubility salts (like most sulphates) tend to crystallise at or 
near to ground level, whereas high solubility salts tend to rise high, often remaining in solution to form 
wet zones. To emphasise the significance of both the damage and ongoing research to date, it is 
necessary to describe the process and mechanisms of damage by sea salts to building stones.  
 
6.3.4.2 Sources of Salts of Marine Origin in Stone Monuments 
 
Three main sources of marine salts relevant to the decay of building stones were noted during the 
literature review: 
 
1. Sea flooding: Many low-lying European coastal cities undergo risk of periodic sea flooding, 
necessitating flood protection and mitigation measures. Areas of the Irish coast, such as Ringsend 
village at the mouth of the river Liffey in Dublin city periodically suffers from this form of coastal 
flooding. The frequency of sea flooding episodes is expected to increase through the 21st century as 
a result of continuing climatic changes (Doris and Le Bolloch 2004). 
2. Rising Damp: Capillarity is the principle factor responsible for the ascent of sea-water, brine and 
dispersed waters from the ground. Mg, Ca, P and organic pollutants such as phosphates and 
sulphates may be present (Winkler 1994). In general, surface phenomena (including staining, 
biological colonisation and loss of stone material) may extend along the walls of coastal buildings 
where the water-table contains a significant salt content. Notable examples can be found in the city 
of Venice in Italy (Warren 1999). With changes to the coastline in the 21st century, it is possible that 
many Irish and other European cities will experience changing patterns of salt-related damage due 
to changes in the water-table – as has been found in Cairo, Egypt (Fitzner et al 2002). The situation 
is further complicated by the fact that salts from rising damp also readily combine with salts leaching 
from lime mortars, cements, concrete repairs, plasters and de-icing salts found to roads and 
pavements. 
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3. Marine Aerosol (or sea spray): Marine aerosol salts may accumulate within a stone building 
through a three stage process: 
 
A. Deposition on the stone surface 
B. Accumulation on the stone surface 
C. Penetration into the pore network of the stone 
 
While less evident in the literature, additional sources of marine salts present in historical building 
fabrics may also include: 
 
1. The use of stone quarried from a coastal quarry. In Ireland, there are a number of coastal 
granite quarries where building stone was extracted from the inter-tidal and supra-tidal zones as 
noted along the Dublin coast from Dalkey to Sandycove (Bolton, Moran and Tully 2000). 
2. The use of unwashed beach sand as a mortar aggregate. The physical presence of marine 
shells (common to historical Irish mortars) and the morphology of some mortar aggregate in addition 
to numerous references in the literature (e.g. Wilkinson 1845) indicate that beach sand was a 
common source for mortar aggregate. If the aggregate was not thoroughly washed in freshwater 
prior to use, this could be a source of contaminants. Sea shells and probable beach shell were 
noted in mortar at St. Begnet’s Church (Section 6.4.2.6) and the Battery Fort (Section 6.4.2.5) on 
Dalkey Island, Co. Dublin. 
3. The use of sea water to mix the mortar. In the case of poor building practice, this could be a 
potential source of marine salt contaminants. 
 
6.3.4.3 Impact of Salts of Marine Origin on Historic Stone Monuments 
 
The disruption of a stone due to the effects of salts is generally not an independent phenomenon. 
Vicente (1996) noted that salt action often plays a synergistic role in the decay of stone, acting with 
processes of freeze-thaw and dissolution of the rock or selective components. Marine aerosol, or sea-
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salt, causes damage through two principle mechanisms: hydration and crystallisation.  The formation of 
salts from marine aerosol are the result of sea salt particles (including sodium, chlorides, potassium, 
calcium, magnesium, nitrates, sulphates and bicarbonates) being left through evaporation on the 
surface of the stone. Salts can also occur within the stone itself when migration of the salts is slower 
than the drying rate of the stone, and the solute crystallises within the pores and cracks. The presence 
of soluble salts in the fluids penetrating the fabric of a rock will generally increase the disruptive potential 
of the fluid in the zone of drying.  
 
Studies in Europe to date (Zezza 1994, Vicente 1996) note a high incidence of marine salt deposits on 
the surface of monuments located adjacent to the sea., while the transport and deposition of marine 
salts tends to gradually reduce moving inland. Silva et al (2002) noted on a survey transect extending 
166 km inland that the most intense deposition of salt was noted within 0.15 km of the sea. This study 
confirmed through experiment, a general observation among researchers and conservation 
professionals that there was a gradual reduction in the risk of marine salt related decay as distance from 
the coast increased.   
 
The degree of damage caused by marine aerosols is generally considered to be severe. Silva, Rivas & 
Prieto (1996) note that granitic monuments situated on the Atlantic coast of Galicia in north-west Spain 
show signs of considerable decay from salts of marine origin. These normally take the form of granular 
disintegration, scaling and flaking. Zezza (2002) noted that there is a decrease in the weathering index 
for granitic monuments as distances from the coast increase and vice versa.  Silva et al (2002) noted 
that while all coastal and rural monuments show some degree of weathering, detailed examinations 
reveal that proximity to the sea results in both greater deposition of marine salts and more intense 
weathering. Further, in their work, granular disintegration was found to be most intense in proximity to 
the coast, and marine originated ions of chloride, sodium and magnesium were deposited in bulk during 
periods with high levels of precipitation.  
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Chlorides are a useful indicator of marine salts. As noted by Kühnel (2002), the vast majority of 
chlorides in the world derive from seawater, averaging 600 million tons annually. Zezza (2002) notes 
that marine influence is the only source for chloride found in historic monuments in studies to date.  
Silva et al (1996) noted that chlorides (especially NaCl) are the most significant  salts in the 
development of granular disintegration in granitic rocks. Chlorides in particular are extremely dangerous 
to stone surfaces due to their great mobility and solubility.  Zezza (2002) further notes that the variable 
content of chlorine is always greater than 0.2 meq/l for the first 120 km from the coast, and always less 
than 0.2 meq/l beyond 120 km. However, Zezza (2002) noted that the wide variations in levels of 
chlorine detected are regulated more by building morphology and exposure to rainfall than in distance to 
the sea.  
 
Ultimately, the primary factor determining susceptibility to the action of marine salts is dependant on the 
nature and properties of the stone itself. Studies to date have shown that the low porosity and high 
anisotrophy of granitic rocks in coastal areas leads to a high degree of scaling and flaking across the 
planes of the stone and granular disintegration by salt crystallisation. Silva et al (2002) noted that certain 
salts of marine origin could be linked with certain decay forms: sodium and chloride predominated in 
samples with granular disintegration, and sulphate and calcium predominated in samples showing 
scaling (superficial detachments). 
 
6.3.5 The Decay of Granitic Rocks in Coastal Environments of Mainland Europe 
 
Granitic rocks have been considered as a hard, durable building material, often used in Europe for 
prestigious and important buildings throughout history up to the present day. The majority of the work 
carried out to date on the decay of coastal monuments has been carried out on stone types other than 
granite including limestones, sandstones and marbles (e.g. Fassina et al 1994, Zezza 1996, Galán and 
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Zezza 2003). Studies into the weathering of granitic rocks in historic buildings have been carried out in 
Italy, Spain, Portugal, France, Germany, England and Scotland (Table 6.2).  
 
6.3.6 The Occurrence of Salts of Marine Origin on Granitic Buildings in Mainland Europe 
 
Salts of marine origin have been a major concern in the fields of stone weathering and conservation 
research and have been the subject of study from the nineteenth to the twenty-first centuries (Thomson 
1862, Price 1996, Charola 2000, Doehne 2002) ,while observations of the damaging impact of salts on 
historic buildings have been noted since the fifth century BC; Herodotus of Hallicarnasus (Book II, c.440 
BC): 
 
“I observed … that salt exuded from the soil to such an extent as even to injure the pyramids.” 
 
The occurrence, origins, mechanism and effects of salts on stone monuments are recurring themes in 
stone and building conservation conferences (e.g. Delgado Rodrigues 1992, Moropoulou et al 1997, 
Galan 2000), and have been the subject of a previous European research workshop (Zezza 1996c). 
These previous studies include research on limestone (such as the partially submerged Torre de Belem, 
Lisbon, Portugal (Aires-Barros et al 1998, Charola 2002), as well as marbles and granitic rocks (Chabas 
and Jeannette 2001).  
 
Salts with a marine origin (including Na, Mg, Ca, NaCl etc) are commonly found on European granitic 
buildings exhibiting varying degrees of decay and degradation adjacent to the coast in Europe. The 
marine environment was noted as an important contributor to the decay of the granitic masonry in Avila 
(Vicente 1996) in Spain, Brittany in France (Robert et al 1996) and Braga in Portugal (Alves and 
Sequeira 1996). Sea salt related damage to granitic rocks is a global phenomenon, found for example 
on historic buildings adjacent to the Great Salt Lake in Utah, U.S.A. (Winkler 1994). Zezza (1996) 
suggested that that the presence of marine aerosol increases the effect of other decay processes, such 
as wet/dry cycling. However, where salts of marine origin are present, other factors such as the 
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presence of gypsum and other non-marine originating salts may be contributing to severe damage to 
these monuments (Table 6.2), and it can be difficult to clearly quantify impact from a particular source 
where different decay processes are acting in synergy. 
 
Country Location Decay forms present Main reason for decay of building stone 
France Churches of Folgoët 
and Penmarc'h, 
Brittany 
• Scaling 
• Granular disintegration 
• Effloresences 
• Biological colonisation 
(Robert et al, Vicente 1996) 
1. Gypsum black crusts 
2. Formation of sodium carbonate from marine 
aerosol and mortars 
3. Lichens 
Portugal Braga • Scaling 
• Flaking 
• Granular disintegration 
• Effloresences  
(Alves & Sequeira 1996) 
1. Gypsum noted as main salt causing decay 
2. Use of alkali-rich modern cements for repairs 
3. Local pollutants 
  
Spain Avila Cathedral • Effloresences  
• Scaling 
(Vicente 1996) 
 
Spain Seven Galician 
churches 
• Granular disintegration  
• Scaling 
• Alveolar erosion 
Delgado-Rodriguez (1996) 
Silva et al (1996) 
Soluble salts (chlorides and nitrates) 
Italy Turin 1. Scaling 
2. Fracturing 
3. Staining 
4. Black crusts 
5. Granular disintegration 
(Fiora et al 1996) 
1. Scaling - probably rising damp 
2. Fracturing - found below black crusts 
3. Staining - leaching of iron minerals, previous 
cleaning 
4. Black crusts - pollution 
5. Granular disintegration - confined to dampest 
areas 
Italy Bari, Castell Svevo di 
Federico II 
• Effloresences 
(Zezza 1996) 
Accumulation of marine salts to sheltered  granitic 
columns 
Ireland Dublin • Micro-fracturing 
• Mineral alteration 
• Salt crystallisation 
(Pavía et al 1996) 
Black gypsum crusts - air pollution 
England Cornwall – Falmouth 
& Scilly 
• Etching along 
laminations, pitting & 
general recession of 
stone surface 
(Mottershead 2000) 
Measured relative rates of stone surface recession, but 
specific causes of decay not identified for the 16 
granitic monuments of the study. 
Scotland Aberdeen • Iron soiling patina 
• Black crusts 
(Young et al 1996) 
Black gypsum crusts - air pollution 
Table 6.2: Overview of Main Salt-Related Decay Forms, and Main Reason for Decay of Building Stone (where identified) 
found through Previous Studies of Coastal Granitic Rocks in Europe (Source:  Alves & Sequeira 1996, Delgado-Rodriguez 
1996, Fiora et al 1996, Robert et al 1996, Pavía et al 1996, Silva et al 1996, Vicente 1996, Young et al 1996). 
 
Delgado-Rodriguez (1996) noted that granular disintegration was a common decay form to the granitic 
stone monuments of Santiago de Compostela in Galicia, north-west Spain, and also to seven studied 
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churches located along the coast in the region. All seven churches exhibited intense granular 
disintegration to the walls facing the sea (with Cl, NO3 and Na ions predominating), and scaling (with 
SO42 and Ca2 predominating) in sheltered areas. Silva et al (1996) revealed sodium chloride salts 
crystallising in voids through scanning election microscopy (SEM) analysis. Delgado-Rodriguez et al 
(1996) noted that granular disintegration was common to areas showing inherited properties, and also 
due to exposure to new environmental parameters since archaeological excavation forty years 
previously. Delgado-Rodriguez concludes that the main soluble salts present in these churches 
(chlorides and nitrates) coupled with conditions of intense evaporation/crystallisation cycles were the 
origin of the granular disintegration. Zezza (1996a) also noted that the most severe damage was to be 
found in areas with a combination of marine aerosol and atmospheric pollutants, including sulphur 
dioxide, nitrogen oxides, carbon monoxide and carbon dioxide, hydrocarbons and ozone.  
 
The process of damage by marine salts appears to be that deposits accumulate on the surface of the 
masonry, penetrate into the pore network of the stone where they can crystallise and move. Marine salts 
can be especially damaging to sheltered interiors where deposits may accumulate without the washing 
effect of wind and rain. Zezza (1996a) noted that the warm flow of air leading to upper areas in indoor 
environments leads to aerosols depositing preferentially on cold surfaces as condensation including 
roofs, overhanging capitals, cornices and other sheltered areas. 
 
Scaling and granular disintegration have been shown by previous authors to be the most damaging 
mechanisms to granitic fabrics, and have been directly related to the presence of marine salts. Often the 
source of the salts can be difficult to specify, for example Bernabé at al (1996) hypothesise that the sea-
salt contaminated rubble core of the Saint Nonna church of Penmarc'h in Brittany, France, may be 
caused by the salts leaching out through the mortar joints onto the masonry surface. Silva et al (1996) 
evaluated the decay of seven granitic coastal churches on the Atlantic coast of Galicia in north-west 
Spain, summarised as follows: 
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• The occurrence of one form of decay or another was determined by the type of salt most likely to 
crystallise. 
• In areas showing the longest wetting periods, the salts most likely to crystallise are the least soluble. 
• In areas exposed to the wind, greater evaporation and more frequent crystallisation occurs with 
even the most soluble salts crystallising. 
• Granular disintegration and alveolar erosion tend to occur on the highest part of the walls, facing the 
sea and exposed to the wind. 
• Scaling tends to appear exclusively in areas close to the ground and/or sheltered areas. 
• A clear correlation was found between the presence of SO4Na2 and the decay forms present on 
coastal and rural buildings. 
• Salt action was most evident to less resistant areas showing surface texture of cavities and hollows. 
 
6.4 Field Evaluation of the Current Condition of a Sample of Granitic Stone Monuments in 
Coastal and Inland Unpolluted Areas of the Republic of Ireland. 
  
The purpose of the following field evaluations was to evaluate the current condition of granitic stone 
monuments in coastal and unpolluted inland environments by means of rapid site surveys examining 
visual indicators of stone decay, noting any variation[s] in the type[s], extent and severity of deterioration 
to granitic stone surfaces in these two environments, and in particular evaluating the presence and/or 
impact of salts of marine origin on these stone surfaces 
 
6.4.1 Coastal Granitic Monuments 
 
The current condition of the twenty-six coastal granitic stone monuments is provided in Table 6.3. A 
selection of examples showing Mild Stone Decay and Strong Stone Decay are given in the sections 
below to provide a clearer understanding of the degree of loss and deterioration found. 
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No Name Mild Strong 
1.  Blackrock Stone Cross, Dublin * *  
2.  Booterstown Martello Tower, Dublin * *  
3.  Dalkey Island Martello Tower, Dublin *  
4.  Battery Fort, Dalkey Island, Dublin *  
5.  Inscribed Cross, Dalkey Island, Dublin *  
6.  St. Begnet’s Church, Dalkey Island, Dublin *  
7.  Sandymount Martello Tower, Dublin *  
8.  Seapoint Martello Tower, Dublin * *  
9.  Ballemicro Castle, Galway (also see Section 4.5.7) *  
10.  Goreen Church, Omey Island, Galway * *  
11.  St. Macdara's Church, St. Macdara's Island, Galway * *  
12.  St. Macdara's Cross, St. Macdara's Island, Galway * *  
13.  Rossaveal Field System, Galway *                
14.  Lady’s Island Church, Wexford * *  
15.  Lady’s Island Mural Tower, Wexford * *  
16.  Lady’s Island Tower House, Wexford * *  
17.  Rathshillane Castle, Wexford * *  
18.  Gate Lodge, Bray, Wicklow  * 
19.  Railway Bridge, Bray, Wicklow  * 
20.  Railway Embankment, Bray, Wicklow  * 
21.  West Pier, Dun Laoghaire Harbour, Co. Dublin  * 
22.  Bullock Harbour, Co. Dublin  * 
23.  Bullock Martello, Co. Dublin *  
24.  Bullock Castle, Co. Dublin *  
25.  Sandycove Harbour, Co. Dublin *  
26.  Sandycove Martello, Co. Dublin *  
27.  Sandycove Fort, Co. Dublin  * 
Total 21 (78%) 6 (22%) 
Table 6.3: Current Condition of Granitic Stone Monuments Found in Coastal Environments. 
* The condition of the stone surfaces and masonry fabrics of these sites were previously published (Pavía and Bolton 2001). 
  
6.4.2 Coastal Granitic Monuments showing Mild Stone Decay 
 
6.4.2.1 Seapoint Martello Tower, Co. Dublin 
 
Seapoint tower was built on a rocky promontory defending the approaches to old Dun Leary harbour 
and the beaches at Seapoint and Salthill. This tower, along with Sandycove, Glasthule and Dun Leary, 
was built by John Murray in late 1804 and early 1805 (Horner 2007).. Historic illustrations by James 
Henry Brocas and Samuel Frederick Brocas, held in the National Library of Ireland, provide 
contemporary views of the tower, and of the site of the Rochdale which was wrecked here in 1807. 
Seapoint Martello Tower, originally constructed on the rocky foreshore, is now completely surrounded 
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by artificial floor surfaces forming the twentieth century bathing place of Seapoint, and currently stands 
approximately 4 metres inland from the high water mark of Dublin Bay, The Martello is a squat 
cylindrical, two-storey tower with a rooftop gun platform, following an architectural design from Minorca, 
Spain adopted by the Royal Engineers of the Board of Ordnance (Kerrigan 1983). The tower features a 
machicolation supported by five corbels defending the first floor principal historic doorway on the 
landward (south-west facing) side of the tower, and a double string course below the parapet level. The 
original doorway is approached by a later, probably twentieth century, stone staircase bonded with 
ordinary portland cement based mortars. The Martello Tower was built of granite ashlar masonry, 
dressed with a fine punch, between 1804 and 1805 (Clements 1999). The interior of the tower has a 
timber floor, supported by a hewn timber beam (possibly original). The rooftop gun platform is accessed 
by a stone spiral intra-mural staircase, and the furnace area, iron railings, stone racers and central gun 
pivot survive in situ. The ashlar masonry was repointed in 2002 as part of conservation works (Bolton 
2002), replacing previous generations of ordinary Portland cement mortars (Pavía and Bolton 2001). 
The floor was excavated (Corlett 2001) and revealed traces of original stone flooring in the form of 
rectangular flags laid on a bed of solid mortar, with the edge flags cut to follow the curvature of the 
walls. The tower has an associated rock-cut landing place immediately to the west, with the date “1834” 
inscribed on the granite outcrop.  
 
Fig. 6.1: Seapoint Martello Tower, Co. Dublin, seen at Low 
Tide.  
Fig. 6.2: Landing Place at Seapoint having Steps and the 
Date ‘1834’ Carved into the Granite Bedrock. 
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Stone: The stone is a grey, medium to coarse-grained variety of the Leinster Granite. The granite is 
mostly equigranular and displays sporadic foliation defined by the alignment of mica and accessory 
minerals. It occasionally shows quartz veins and natural fractures. The closest geological source for this 
granite is the nearby outcrop of the northern unit of the Leinster Batholith. The granite compares to the 
type II, and to the non-porphyritic varieties found in the northern and southern units of the Leinster 
Batholith (previously defined by Brindley 1954, and Sweetman 1988). 
 
Decay: The granite is affected by staining, encrustations, granular disintegration, graffiti and biological 
colonisation. Surface dissolution and weathering of feldspar were also recorded. The stone is largely 
affected by iron staining, resulting in a common brown appearance to the surface of the ashlar. Incipient 
black encrustations are forming in sheltered areas underneath the machicolation (south and west 
quadrants). Most ashlar work shows rough surfaces due to granular disintegration, which may be 
exploiting the surface micro-topography, pre-weakening the stone finish formed when the granite was 
dressed. The granular disintegration is not severe, and not widespread and is confined to individual 
stone units rather than particular areas of quadrants of the tower. Algal growth is also evident, most 
significantly on the north-facing quadrant. Lichen and other biofilm growth tends to form in areas of 
prolonged surface wetness, most notably in vertical bands associated with moisture leaching from the 
masonry joints. 
  
Fig. 6.3: General View of the 
Ashlar Masonry at Seapoint 
Martello Tower, Co. Dublin. 
Fig. 6.4: Iron Staining and 
Graffiti, Seapoint Martello Tower, 
Co. Dublin. 
Fig. 6.5: Brown Staining and Inherent Fault to 
Granite Masonry at, Seapoint Martello Tower, Co. 
Dublin. 
293 
 
294 
 
Summary: The tower was classified as intact, featuring mild stone decay. Though the tower is located 
close to Dublin City, the stone surfaces are in generally good condition, with little evidence of pollution-
derived decay forms normally associated with historic buildings located close to urban centres. Decay 
forms noted at the tower were limited in development and severity, though the iron staining tends to 
form an aesthetic concern. The tower was classified as standing, featuring mild stone decay. The decay 
affecting the stone is summarised in Table 6.4. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey, Brown  
Significant decay forms Iron staining, dissolution, encrustations, granular disintegration, biological colonisation, 
graffiti. 
Table 6.4: Key Stone Types and Decay Forms Noted to Seapoint Martello, Co. Dublin. 
 
6.4.2.2 Booterstown Martello Tower, Dublin 
 
Booterstown Martello Tower was originally built on a marshy foreshore in the townland of Williamstown 
on the shores of Dublin Bay, and is shown partially submerged during certain high tides in a nineteenth 
century illustrations by Nicholls and Samuel Brocas held in the National Library of Ireland. The land was 
reclaimed after the construction of the railway. The tower is now located on level amenity grounds, on 
the landward side (south) of the Dublin-Rosslare railway approximately 40 m from the current high water 
mark of Dublin Bay.  
 
Fig. 6.6: Booterstown Martello Tower Showing Previous 
Cleaning to Lower Courses. 
Fig. 6.7: Murder Holes Above Now-Blocked Original 
Entrance to Booterstown Tower. 
 
The tower appears as a squat cylindrical, two-storey tower with a rooftop gun platform, built of granite 
ashlar masonry between 1804 and 1806 (Clements 1999), and originally entered through a first-floor 
doorway on the landward side of the building [now blocked]. Unlike the majority of the south Dublin 
Martello Towers, this tower does not feature a machicolation to defend the original first-floor landward-
facing doorway, but instead has a pair of murder holes above and flanking the original doorway, forming 
a break to the continuous corbelled courses supporting the parapet level. The Martello was originally 
armed with two 18-pounder cannons (Clements 1999). The tower shows a number of later alterations, 
most notably with the insertion of a ground-level doorway, and the addition of two [currently failed] 
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downpipes to the murder holes, and remnants of former electrical services. The masonry surfaces were 
probably originally punch-dressed throughout.  
 
Stone: The stone is a light grey, mainly equigranular, predominantly medium-grained granite. It is a 
variety of the Leinster Granite, comparable to the granite variety defined as type II in the northern units 
of the Leinster Batholith (Brindley 1954). 
 
Fig. 6.8: Staining, Lime Leaching and Biological 
Colonisation is Common to the Masonry Surface. 
Fig. 6.9: Some Masonry Units Show Scaling and Surface 
Roughening, Booterstown Tower. 
 
Decay: The granite is affected by staining, encrustations, graffitti, lime leaching and biological 
colonisation. Scaling, surface dissolution and weathering of feldspar were also recorded. Biological 
colonisation is significant, comprising higher order species colonising mortar joints and contributing to 
developing dry joints. Black staining following the micro-topography of the stone surface was noted on 
the continuous corbelled courses of the parapet. This decay form appears to be biologically induced due 
to prolonged periods of wetness recorded in these areas. Mosses are evident on the tower and a small 
tree is growing from the ‘murder hole’ above and to the left of the original entrance. An incipient 
pollution-derived black crust was found to a single area beneath the parapet. The granite masonry 
exhibits extensive brown staining arising from two sources: A> Iron fixings inserted into ashlar joints and 
iron bars covering the openings; B> Iron-bearing minerals naturally occurring in the granite. 
Some of the masonry joints have been repointed as local repairs with ordinary Portland cement based 
mortars. This repointing was superficial and poorly executed, and the cement mortars used currently 
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show calcite leaching. Graffitti is evident on the north-west and west facades of the tower, and paint is 
present on the south-east facade. The lower three courses of masonry were cleaned in late 1999, in 
2000, and again in 2003 to remove graffiti to the lower courses (Pavía and Bolton 2001), and re-
cleaning of the same area was observed in 2003, resulting in a bleaching or whitening of the stone 
surface, and “ghosting” of the graffiti. 
 
Summary: The tower was classified as intact, featuring mild stone decay. The granite stone surfaces of 
the tower are generally in good condition, showing poorly developed decay forms. The tower is in close 
proximity to the urban centre of Dublin City, there was little evidence of pollution-derived decay forms 
normally associated with historic buildings in urban environments (Cooper et al 1995). The most 
significant decay forms noted were A>  Biological colonisation (common to almost all stone monuments 
found in unpolluted inland environments in Ireland Pavía and Bolton 2001); B> Iron [brown] staining 
(arising from inserted metal fixtures and the weathering of iron-bearing minerals naturally occurring in 
the granite); C> Lime leaching (from previous repairs in incompatible ordinary portland cement based 
mortars); D> Dissolution (water-related decay form); E> Previous cleaning (resulting in bleaching and 
surface alteration of the stone). The tower was classified as standing, featuring mild stone decay. The 
decay affecting the stone is summarised in Table 6.5. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey, Brown 
Significant decay forms Graffiti, biological colonisation, iron staining, lime leaching, dissolution, previous 
cleaning interventions 
Table 6.5: Key Stone Types and Decay Forms Noted to Booterstown Martello, Co. Dublin. 
 
6.4.2.3 Sandymount Martello Tower, Dublin 
 
The martello tower at Sandymount, Co. Dublin, is a squat cylindrical two-storey tower built of granite 
ashlar between 1804 and 1806 (Enoch 1975, Clements 1999). The tower was originally built on the 
sandy foreshore overlooking the south Bull area of Dublin Bay, but is now located approximately 15 m 
 297
from the high water mark, between amenity grounds to the north, and with a road passing immediately 
to the south. Sandymount Martello Tower appears as a two-storey coastal tower with a rooftop gun 
platform, originally armed with two 18-pounder cannons (Clements 1999). The original first-floor 
doorway on the landward [south-facing] side of the building is defended by a machicolation of five 
granite corbels.  
 
The tower has been significantly altered, and was formerly in use as a café (Enoch 1975). Ground floor 
doorways have been inserted to the east and west. The western doorway shows an iron door stamped 
“J.Bennett. Church St. Dublin. 1822”, whereas the eastern doorway shows no inscriptions. The original 
first-floor doorway has been converted to a window, and additional windows have been inserted – two at 
first-floor level showing a window openings at the ground floor of the tower below the original doorway, 
two ground floor doorways and two first floor window openings. A modern single storey extension has 
been attached to the seaward side of the tower above the east and west doorways, and a ground floor 
window ope below the original doorway. A modern flat-roofed extension has been constructed following 
the curvature of the northern quadrant, and a 20th-century two-pot chimney can be seen to the north-
east quadrant of the roof platform. The tower shows a history of material interventions including the use 
of reconstituted stone to the ground floor doorways. The original lime based mortar has been previously 
repointed, and shows local repairs in a portland cement based mortar. 
  
Fig. 6.10: Sandymount Martello Tower from the South 
Showing the Machicolation above the Altered Original 
First-Floor Doorway. 
Fig. 6.11: Detail of Parapet. Colour Alteration is Common 
to the Masonry From Weathering of Feldspars, 
Sandymount Martello Tower. 
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Stone: The stone is a light grey, mainly equigranular, medium to coarse grained granite. The stone is a 
variety of the Leinster Granite. It compares to the granite variety defined as type II in the northern units 
of the Leinster Batholith (Brindley 1954). 
 
Decay: The granite is affected by iron (brown) staining, scaling, flaking, and dry joints. Surface 
dissolution and weathering of feldspar were also recorded. Biological colonisation is not significant, and 
the tower appears to be regularly biocided. Dry joints can be found locally at lower levels, and 
extensively to the parapets and the upper courses above the string course. Some dark-coloured run-off 
staining, probably mainly biological soiling, was noted to the easternmost corbelled opening of the 
machicolation. The exterior of the tower currently enclosed by the modern extension shows a number of 
water-related decay features associated with water pooling on the modern flat-roofed area and spilling 
over the flashing, failure of rubber-based and mastic joints at the vents, and blockage of the guttering 
system to the extension. 
 
Fig. 6.12: Brown Staining and Quartz Band Visible to a 
Masonry Unit, Sandymount Tower.  
Fig. 6.13: Scaling and Surface Roughening Leading to 
Surface Loss to a Masonry Unit. 
 
Summary: The tower was classified as intact, featuring mild stone decay. The granite stone surfaces of 
the tower are generally in good condition, showing poorly developed decay forms. Though the tower is 
in close proximity to the urban centre of Dublin City, there was little evidence of pollution-derived decay 
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forms normally associated with historic buildings in urban environments. The tower was classified as 
standing, featuring mild stone decay. The decay affecting the stone is summarised in Table 6.6.  
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey 
Significant decay forms Iron staining, scaling & flaking, dry joints, dissolution. 
Table 6.6: Key Stone Types and Decay Forms Noted to Sandymount Martello, Co. Dublin. 
 
6.4.2.4 Dalkey Island Martello Tower, Dalkey Island, Dublin 
 
Dalkey Martello is located on the highest point of the island, having a clear field of fire to all points of the 
compass. The tower appears as a squat cylindrical granite ashlar masonry coastal tower having a 
double string course on top, and set on a base plinth. The tower, constructed c.1804-1805, is circular in 
plan, measuring approx. 13 metres in diameter and standing c.10 metres high (Clements 1999). The 
tower shows battered walls, having a doorway inserted at first-floor level on the landward side without a 
machicolation. The tower shares the general architectural detailing of the group of south Dublin martello 
towers based on the original plan of the Martello at Addaya, Minorca, Spain (Kerrigan 1983), but retains 
a number of distinctive features. The Dalkey tower is larger than the other Dublin towers, and has no 
machicolation as the original entry was through the roof, shown on a plan and section drawing of 1868 
held in the Dublin Military Archives. The tower was also reported as having no accommodation (unlike 
Sandycove Martello which held 36 men). The tower is one of only two 2x24 pounder Martello Towers in 
the Dublin region (Clements 1999). 
 
The interior of the tower shows later alterations and modifications. The basement level shows rubble 
granite walling forming a central corridor and chambers, containing >1.5m of spoil. These have been 
altered with brick masonry, blocking the granite doorway of the basement, and forming a sub-
rectangular chamber to the centre of the tower. At first floor level, the eastern section of the circular 
chamber has been divided by a brick wall extending to the ceiling, and forming two side rooms. The 
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floor has been altered with the provision of a partly destroyed poured concrete floor supported by 
corroding iron “I” beams, set on rubble masonry and brick masonry walls. 
Fig. 6.14: Dalkey Island Martello Tower with St. Begnet’s 
Church in the Background. 
Fig. 6.15: The Roof Platform Showing Lichen 
Coverage Common to the Masonry, Dalkey. 
 
The roof appears as a granite masonry structure, with the joints and masonry surfaces in very good 
condition. Metal fittings, possibly associated with the external timber stairs, survive to the masonry 
glacis of the parapet and to the double string course. The roof retains the central iron pivot, the chimney 
outlet and the shot chamber at the head of the stairs. A concrete render has been used to cover the 
stone racers and metal rail and the circular masonry centre cannon pivot of the roof structure. The roof 
gives access to the ground floor through a spiral staircase.  
 
Stone: The stone is a light grey, mainly equigranular, medium to coarse grained granite. The stone is a 
variety of the Leinster Granite, comparable to the granite variety defined as type II in the northern units 
of the Leinster Batholith (Brindley 1954). The quarry associated with the construction of the Martello and 
the adjacent battery fort (see Section 6.4.2.5 below) is located approximately 20 m to the south-east of 
the tower, showing a levelled work platform, bore-holes and vertical quarry faces. A series of holes 
located further along the cliff edge may indicate the former location of an early 19th century Admiralty  
semaphore mast, rather than a feature associated with quarrying. 
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Fig. 6.16: General View of the Masonry Showing Colour 
Alteration, Dalkey Martello Tower. 
Fig. 6.17: Dry Jointing Noted Above the Plinth Course to the 
Base of the Tower. 
 
Fig. 6.18: Intact Joints and Intense Lichen Coverage to the 
Masonry, Dalkey Martello Tower. 
Fig. 6.19: Granite Masonry in Good Condition Beneath 
Previous Repairs at Dalkey Tower. 
 
Decay: The granite ashlar is generally in very good condition throughout, and commonly features 
abundant lichen coverage. The exterior of the tower shows some local dry joints [tending to occur at the 
base of the wall], and some iron staining associated with iron fixtures. However, the stone does not 
show any scaling, flaking or granular disintegration where closely examined from ground level and to the 
interior of the gun platform. The interior of the tower shows abundant traces of a lime-based internal 
render, refuse, soiling from pigeons, and a dark-coloured [probably biological] soiling deposit tends to 
cover all masonry and render surfaces except at the base of the sloping light wells where water run-off 
has removed much of the surface cover.  
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Summary: The tower was classified as intact, featuring mild stone decay. The granite stone surfaces of 
the tower are generally in very good condition, showing poorly developed decay forms of low intensity. 
The decay affecting the stone is summarised in Table 6.7. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey 
Significant decay forms Biological colonisation, dry joints, iron staining. 
Table 6.7: Key Stone Types and Decay Forms Noted to Dalkey Martello, Co. Dublin. 
 
 
6.4.2.5 Dalkey Island Fort, Dalkey Island, Dublin 
 
The gun battery to the south-eastern corner of Dalkey Island was constructed as part of an ambitious 
military fortification programme of the Dublin region in the early 19th century by the Royal Engineers, a 
programme which also included Dalkey Martello Tower. The battery appears as a multi-phase 
construction, consisting of a three-gun emplacement, later extended to the west to provide 
accommodation and storage. The fort contains a large numbers of features, including an iron cistern, 
musket loops, stone racers, rails and pivots to the gun emplacements, living accommodation, a shot 
furnace, and two circular stone features located outside the fort walls that may indicate the former 
locations of wells. The battery was further extended to the north-west, containing a barrel-vaulted 
chamber, surrounded by a battered stone rubble mound, suggesting this building may have functioned 
as the armoury. The majority of the battery has been constructed using the local granite, however a 
number of the internal walls and internal building features are composed of a hand-made brick 
containing pebbly inclusions, bonded with a shell-rich lime-based mortar. 
 
Fig. 6.20: General View of the Battery Fort at the East End of Dalkey Island, Co. Dublin. 
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Stone: The stone is a light grey, mainly equigranular, medium-coarse grained granite. The stone is a 
variety of the Leinster Granite. It compares to the granite variety defined by as type II in the northern 
units of the Leinster Batholith (Brindley 1954). Dalkey Island retains evidence of quarrying associated 
with the construction of both the Martello Tower (see Section 6.4.2.4 above) and the gun battery fort. 
These survive as vertical blast mark and hewn rock faces forming low artificial cliffs. A number of iron-
stained shallow bore-holes set in a linear pattern to the east of the tower may be associated with either 
quarrying or signalling. 
 
Fig. 6.21: Granite Gun Emplacements Commanding a 
View Over Kiliney Bay. 
Fig. 6.22: Internal Buildings Within Dalkey Fort 
Composed of Granite and Hand-Made Brick. 
 
Fig. 6.23: General View of the Granite Masonry Walls of 
Dalkey Fort. 
Fig. 6.24: Scaling and Surface Roughening to the 
Granite Masonry, Dalkey Fort. 
 
Decay: The granite ashlar is generally in very good condition throughout, and commonly features 
abundant lichen coverage. The exterior of the battery shows dry jointing, and the joints to the masonry 
glacis show biological colonisation by mosses and some flowering plants. The deterioration of the 
interior of the battery is mainly structural in nature, with some over-turning walls, collapsed barrel-
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vaulted roof structures, and the loss of the semi-circular capping stones to the western extension of the 
battery in some locations. The stone surfaces are generally in very good condition, showing no 
significant occurrence of scaling, flaking, granular disintegration or other common decay forms.  
 
Summary: The battery fort was classified as intact, featuring mild stone decay. The granite stone 
surfaces of the fort are generally in very good condition, showing poorly developed decay forms of low 
intensity. The decay affecting the stone is summarised in Table 6.8. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey 
Significant decay forms Biological colonisation, dry joints, structural movement and loss of masonry units. 
Table 6.8: Key Stone Types and Decay Forms Noted to Dalkey Island Fort, Co. Dublin. 
 
6.4.2.6 St. Begnet’s Church, Dalkey Island, Dublin 
 
St. Begnet’s church appears as a single chamber two-storey church, with the walls standing to full 
height and having steeply pitched gables. The monument has been constructed predominantly of 
granite rubble masonry, bonded in a lime mortar and featuring slate pinnings. The church was roofed 
with slate at some point in the past, as previous archaeological excavations (Liversage 1968) recorded 
roof slate from Wales and elsewhere [possibly Wicklow slate]. The church is dedicated to St. Begnet, 
(also referred to as Begh or Bee) and associated with St. Bea’s Head in Cumberland and Killibeaes in 
Scotland (Scantlebury 1960). The church has a number of interesting features, including antae, 
suggesting a 10th-11th century construction date. The main entrance shows a square-headed doorway 
with a massive granite lintel, having slightly converging jambs. Limited excavation to the north of the 
church by Liversage (1968) showed an enclosing wall and eleven inhumation burials, presumed to be of 
medieval date. A series of field walls lie to the north, south and east of the church, forming a boundary 
around it, and would have cut off the north-west cultivated section of Dalkey Island from grazing 
animals. 
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The church shows a number of alterations associated with its use by the Royal Engineers during the 
construction of the Martello Tower and gun battery in the early nineteenth century. An anonymous writer 
(JRSAI 1896) notes “the masons and other workmen, finding it inconvenient, and often dangerous to 
cross the island to get their lodgings, fitted up that ancient church as a dwelling-house, and built the 
necessary fireplace. At the same time they altered and enlarged several of the windows”. The interior of 
the church is lit by a single plain square open, and shows traces of internal lime plaster, a fireplace to 
the east gable, and two probably nineteenth century openings in the east end of the south wall. The 
bellcote over the west gable features a weathered granite cross inserted into the opening. 
  
Fig. 6.25: St. Begnet’s Church, Dalkey Island, Co. Dublin. Fig. 6.26: Granite is the Predominant Stone Type Found 
at St Begnet’s Church. 
  
Fig. 6.27: Detail of the Granite Masonry Showing 
Abundant Lichen, St. Begnet’s Church. 
Fig. 6.28: Scaling to the Surface of a Granite Masonry 
Unit, St. Begnet’s Church. 
 
Stone: The stone is predominantly a light grey, mainly equigranular, medium-grained granite, 
comparable to the granite variety defined by as type II in the northern units of the Leinster Batholith 
(Brindley 1954). The granite typically weathers to a cream to brown surface colour, seen most notably to 
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the lowermost jamb stones of the doorway. The masonry also exhibits pink-red coloured granite, and 
pinnings of slate, limestone and phyllite-schist. Phyllite-schist outcrops at Whiterock and would have 
been accessible to the inhabitants of Dalkey Island. An undated wall enclosing the top of the adjacent 
Lamb Island is also constructed of phyllite-schist.  
 
Decay: The masonry is generally in good condition throughout, and commonly features abundant lichen 
coverage. The building underwent an unknown amount of intervention during early 19th century 
renovations, and the interior retains abundant traces of lime-based renders. The exterior of the church 
shows dry jointing, scaling, iron staining [not associated with any iron or metal fixtures] and granular 
disintegration. The arrises to the principal historic entrance also show some rounding. No traces of 
surface dressing was noted, however surface dissolution appears to be common to the masonry units.   
 
Summary: The church was classified as intact, featuring mild stone decay, and some previous 
alterations. The decay affecting the stone is summarised in Table 6.9. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey, Cream, Pink-red 
Significant decay forms Scaling, biological colonisation, dry joints, granular disintegration 
Table 6.9: Key Stone Types and Decay Forms Noted to St. Begnet’s Church, Co. Dublin. 
 
 
6.4.2.7 Inscribed Stone Crosses, Dalkey Island, Dublin 
 
Two rock-cut crosses are associated with St. Begnet’s church, inscribed into a bedrock outcrop to the 
west of the church.  The best preserved cross (Incised Cross I in Fig. 6.27) faces the entrance to the 
church, described by Scantlebury (1960:125) as: 
 
“on a rock facing the west end of the church is incised a cross with slightly splayed arms, enclosed in a circle and 
having raised pellets in the quadrants”.  
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The more faded cross (Incised Cross II in Fig. 6.29) is located on the same rock outcrop, approximately 
seven metres to the west. This cross appears similar, having four raised pellets to the quadrants but is 
much more weathered and is more difficult to interpret. 
  
Fig. 6.29: Incised Cross I Carved On a Granite Outcrop, 
Dalkey Island. 
Fig. 6.30: Detail of Differential Weathering to the Surface 
of Incised Cross I, Dalkey Island. 
  
Fig. 6.31: Incised Cross II, Dalkey Island. Fig. 6.32: Lichen Coverage to the Surface of Incised 
Cross II, Dalkey Island. 
 
Stone: The carved feature is incised directly onto the granite bedrock of the island. This is a 
predominantly light grey, mainly equigranular, medium- grained granite, comparable to the granite 
variety defined by as type II in the northern units of the Leinster Batholith (Brindley 1954).  
 
Decay: The rock face to both stone crosses shows well-developed weathering forms typical of granite 
outcrops, and features abundant lichen coverage. The carvings are in fair to poor condition, and have 
lost detail. No scaling or granular disintegration was noted to the rock outcrop in the vicinity of the 
carvings, and it is possible that surface dissolution is the main decay form leading to the deterioration of 
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the carved features. Though much carved detail has been lost to one of the crosses, the stone outcrop 
currently appears stable and the features were considered to show only mild stone decay. 
 
Summary: The inscribed stone crosses were classified as intact, featuring mild stone decay. The decay 
affecting the stone surfaces are summarised in Table 6.10. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey 
Significant decay forms Biological colonisation, dissolution 
Table 6.10: Key Stone Types and Decay Forms Noted to the Inscribed Stone Crosses at Dalkey Island, Co. Dublin. 
 
6.4.2.8 St. MacDara’s Church & Cross, Galway 
 
Saint MacDara’s church is a single-chamber oratory, having antae and a stone roof. The church forms 
part of a former ecclesiastical complex and a number of other features survive including stone crosses, 
circular huts and traces of an enclosure wall. The oratory retains a number of distinctive features, and is 
unusual in that the antae do not stop at the wall head but continue up the slope of the gables while 
maintaining its width (O’Keeffe 2003). The stone roof was restored by the Office of Public Works in 1975 
(Robinson 1990) and currently shows two cut stone limestone roof finials, and was depicted in its former 
unroofed state by Leask (1955). The oratory is entered by a single lintelled entrance in the western 
elevation, and lit by a single window in the east elevation. 
 
Stone: The oratory is mainly constructed with a fine-grained light-grey granite, similar to that seen in 
exposed granite bedrock on the island. Pink granite blocks were also noted. The stone is local in origin 
[consistent with the Carna and Cuilleen types], and may have been quarried from loose erratic boulders. 
Previous petrographic characterisation of the stone (Pavía and Bolton 2001) classified the stone as a 
granodiorite consisting of plagioclase feldspar, quartz and mafic (magnesium and iron-rich) minerals 
including biotite mica, sphene (titanite), hornblende and magnetite [an ore of iron]. The pinkish colour to 
some of the granite probably originates from the kaolinisation of feldspar. The granite stone cross is 
 309
located approximately 60 m south-east of the oratory above the high water mark. The cross is mounted 
upright, showing carved surfaces to both faces. The cross is cut from the local light-grey Galway granite. 
 
Fig. 6.33: The Pseudo-Cyclopean 
Masonry and Stone Roof of Saint 
MacDara’s Church. 
Fig. 6.34: East Wall Showing a 
Round-Headed Window and 
Walls and Gable in Antae. 
Fig. 6.35: Granite Surface Showing 
Biological Colonisation and Some Surface 
Roughening, Saint MacDara’s Church. 
 
Decay: The stone surfaces of the oratory are generally in good condition, showing slight brown staining 
and granular disintegration (mainly to the south wall). The north elevation shows intense lichen growth. 
The interior shows lime leaching from ordinary portland cement pointing mortars, and structural 
movement of the repaired stone roof. Micro-weathering forms included weathering of the feldspar by 
kaolinisation, weathering of mica, oxidation and alteration of biotite to chlorite. The stone cross shows 
loss of carved detail through granular disintegration, with a deep fracture to the west face, and has lost 
the top left section of the west face. The north face of the cross shows lichen colonisation, and polished 
edges through animal abrasion.  
 
Summary: The church and the stone cross were classified as standing, featuring mild stone decay.  
Major stone type(s) Granite/adamellite, schist & gneissic schist, marble, quartzite and other stone types. 
Surface colour range  Grey and occasionally Pink Granite. 
Significant decay forms Oratory: brown staining, granular disintegration, biological colonisation, lime leaching. 
Cross: Granular disintegration, fracturing, spalling, animal abrasion. 
Table 6.11: Key Stone Types and Decay Forms Noted to the Granite Church on Saint MacDara’s Island, Co. Galway. 
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6.4.3 Coastal Granitic Monuments showing Strong Stone Decay 
 
6.4.3.1 Railway Bridge, Bray, Wicklow 
 
The strand to the north of the river Dargle in Bray has experienced a great deal of shoreline change and 
loss to the coastal built environment over the last two centuries (Section 4.4.1). The railway bridge 
currently located in the inter-tidal area provides a useful case study into the types and severity of 
alteration a built structure may undergo as it passes from a fully dry to an immersed state. The bridge is 
one of a series of granite masonry bridges built between 1840 and 1854 by the Dublin and Wicklow 
Railway Company (Murray 1989), and similar examples survive in situ at Seapoint Road in Bray, and at 
Killiney. These bridges originally consisted of a granite rusticated ashlar retaining wall allowing passage 
beneath the railway through the earthen railway embankment. The bridge at the north strand was 
constructed to provide access to the beach area, which was used as a docking facility for small coastal 
trading ships in the mid-late 19th century before the construction of Bray Harbour. The bridge was 
originally protected by a boulder breakwater which still survives in the littoral zone, and a concrete 
slipway and timber foundations for landing stages survive in the inter-tidal area. 
 
Fig. 6.36: Bray Railway Bridge and Embankment, November 
1998. 
Fig. 6.37: Bray Railway Bridge and Embankment, April 
2006 Showing Drop in Beach Levels. 
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Fig. 6.38: Collapsed East End of South Wall of Bray Railway 
Bridge, April 2004. 
Fig. 6.39: Collapsed East End of North Wall of Bray 
Railway Bridge, April 2004. 
 
Stone: The stone type used for the façade is a light grey, mainly equigranular, medium-coarse grained 
granite. Other stone types, predominantly rounded cobbles and boulders [probably sourced from the 
beach area] were used in the foundation layers. The entire structure was bonded with a durable, 
probably eminently hydraulic, lime-based mortar. 
 
Decay: The wall was monitored from 1998 to 2005. The bridge in 1998 appeared as two free-standing 
walls surviving to their full height, though the arch has collapsed. The southern wall had been partially 
backfilled with earth and refuse from the Bray town dump which operated until the mid-20th century. A 
structural crack was noted forming in the northern wall during 1998 as the base of the bridge was 
undercut by the movement and scouring of the beach substrate from the foundations, and consequent 
beach lowering. The structural crack was monitored during 1999 and 2000. The main fracture 
progressively widened and other structural cracks began to appear. Due to structural damage, the 
northern section of the railway bridge collapsed in January 2001 as the foundations were undermined 
during a storm event. The eastern half of the southern section of the bridge collapsed in November 
2003. The base of the walls tended to be abraded by the highly mobile boulder, cobble and pebble 
material typical of the beach area. However, due to the fall in beach levels, this material tended to act on 
the foundations and not on the rusticated granite ashlar. 
 
The rusticated granite ashlar stone surfaces were also monitored during the 1998-2005 period. The 
upper sections of the bridge were generally in good condition showing poorly developed decay forms. 
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The lower courses of masonry to the eastern end of both walls tended to show more developed decay 
forms – notably incipient scaling and some granular disintegration. These decay forms tended to be 
more developed on coarser-grained granite blocks than on medium-grained blocks. Following the 
collapse of the northern section of the railway bridge in January 2001, the former vertical wall surface 
was now left in a horizontal position, partially immersed during high tide periods (See Figs. 6.36 & 6.37). 
From January 2001 – January 2002, small scales began to be commonly lost to the granite blocks, and 
granular disintegration was also noted to the areas above the level of immersion. Below the high tide 
mark, scaling and granular disintegration was less commonly in evidence as any loose stone material 
tended to be removed from the stone surfaces. In some areas where the granite ashlar came in contact 
with the cobble and pebble material of the beach, processes of abrasion and corrasion were observed 
during monitoring periods. Salt effloresence was not observed at any time during the monitoring, 
however areas showing scaling and granular disintegration were sampled for further analysis (see 
Section 6.5). 
 
Summary: The bridge was classified as fragmentary standing, featuring strong stone decay and strong 
structural damage. The decay affecting the stone surfaces are summarised in Table 6.12. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey 
Significant decay forms Scaling, granular disintegration, abrasion and corrasion, structural cracking & collapse 
Table 6.11: Key Stone Types and Decay Forms Noted to the Railway Bridge at Bray, Co. Wicklow. 
 
 
6.4.3.2 Railway Embankment, Bray, Wicklow 
 
A railway embankment extends from the north strand of Bray to Kiliney in Co. Dublin, constructed 
between 1840 and 1854 by the Dublin and Wicklow Railway Company (Murray 1989), and depicted in 
an engraving c.1870 (Davies 2000). The embankment exists in a fragmentary condition (see Figs. 6.34 
& 6.35), extending north south for a distance of approximately 2.5 kilometres, observable for c. 700 
metres in the inter-tidal area of the north strand of Bray, and extending northwards underwater to Kiliney 
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for a further two kilometres. This railway line was abandoned c.1916-1917 due to coastal erosion 
(Murray 1989), and appears to have originally appeared as an earthen embankment with greywacke 
drystone rubble walls to the landward (west-facing) slope, and a granite ashlar embankment to seaward 
(east-facing). The southern 700 metres of the granite embankment was the focus for monitoring and 
analysis as the northern section tended to be permanently immersed. 
 
The granite embankment consists of well-constructed granite ashlar masonry bonded with fine, 
eminently hydraulic lime-based mortar, and backed by a lime-based concrete mortar with coarse 
cobble-sized aggregate of granite, greywacke and other rounded stone types similar to the material of 
the upper beach. The embankment was supported at intervals by timber and iron piles, and occasional 
masonry buttresses can also be observed. Only the lower courses of the embankment can be observed 
(generally 3-7 courses). The rubble core of the embankment no longer survives in most cases [though 
traces can be observed in sheltered areas] and the granite ashlar is normally exposed to a height of 0.2 
– 0.9 m and is subject to alternating periods of exposure and reburial as beach levels fluctuate in the 
area. The granite walls are located, and often form the boundary between the highly mobile boulder, 
cobble and pebbly material characteristic of the upper beach, and the finer sands of the lower beach.  
 
Stone: The embankment is made up of a rubble-filled wall faced with dressed granite blocks of varying 
dimensions.  The stone type used for the granite façade is a light grey, mainly equigranular, medium-
coarse grained granite, often showing surface colour alteration to cream and brown through weathering. 
Other stone types, predominantly rounded cobbles and boulders [probably sourced from the beach 
area] were used in the foundation layers and for the mortar concrete to rear. The entire structure was 
bonded with a durable, probably eminently hydraulic, lime-based mortar. 
 
Decay: The embankment structure is heavily disrupted.  The upper portions of the embankment wall are 
not in evidence, and cut-stone granite blocks commonly appear loose on the sand and forming the 
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boulder element of the upper beach in the area. The surveyed section has been buried to an unknown 
depth by sand deposited on the beach by longshore sediment transport processes. The location of the 
exposed granite masonry within the inter-tidal zone subjects the stone surfaces to diurnal wetting and 
drying cycles, as well as water abrasion and corrasion.  
 
The most significant decay forms noted were face recession, rounded and polished stone surfaces, 
cracking and scaling. The mortar joints also show intense erosion, leading to joint recession and dry 
jointing. Biological colonisation was not significant in the inter-tidal area, but was intense in the 
completely immersed areas. Due to the effects of tide and surf, there is little marine growth on the 
remaining inter-tidal structures, however diver survey of the completely immersed stone surfaces 
showed these to be commonly covered with a patina of marine algae and marine fauna. Observations 
during monitoring periods noted that individual granite blocks could be “quarried” from the wall surface 
by surf and wave action over a short period once the joints had been weakened, most notably to the 
granite units at the top of the surviving wall structure. Water abrasion and corrasion were observed to be 
the most significant decay processes to stone surfaces in the inter-tidal area during monitoring periods. 
Granular disintegration and scaling decay forms commonly seen on coastal granitic stone surfaces were 
not observed to the railway embankment. However, it is likely that the rate of stone recession and the 
intensity of wave action and corrasion leads to the rapid removal of weakened surface material, and that 
these loose stone surface fragments would be rapidly removed. 
 
Summary: The embankment wall was classified as fragmentary standing, featuring strong stone decay 
and strong structural damage. The decay affecting the stone surfaces are summarised in Table 6.12. 
 
Major stone type(s) Leinster Granite 
Surface colour range  Grey 
Significant decay forms Abrasion and corrasion, joint recession & dry jointing, scaling and cracking, biological 
colonisation [to immersed zone] 
Table 6.12: Key Stone Types and Decay Forms Noted to the Railway Embankment at Bray, Co. Wicklow. 
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6.4.3.3 Gate Lodge, Bray, Wicklow 
 
The gate lodge does not appear on the first edition Ordnance Survey maps, or on Heffernan’s 1870 map 
of Bray (Davies 2000), but appears as a rectangular single-story lime-washed pitched roof dwelling in a 
photograph from the Laurence Collection from the National Library of Ireland c.1890 (see section 4.4.1). 
The remains of the gate lodge appear as the eastern elevation surviving to eaves level, with a slight 
base batter and the cut stone splayed granite southern jambs of a window opening. The original lime-
based pointing mortar can be seen in situ, however all traces of the original lime render and limewash 
have been lost. 
 
Fig. 6.40: Bray Gate Lodge, November 1998. Fig. 6.41: Bray Gate Lodge, April 2006. 
 
 
Fig. 6.42: Scaling and Dissolution to the 
Stone Surfaces Noted in November 1998, 
Bray Gate Lodge. 
Fig. 6.43: Dry Joints, Abrasion and Corrasion Damage to the Newly 
Exposed Base Courses, April 2006, Bray Gate Lodge. 
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Stone: The wall is composed predominantly of a predominantly light grey, mainly equigranular, 
medium- grained granite, comparable to the granite variety defined by as type II in the northern units of 
the Leinster Batholith (Brindley 1954), but also contains a significant amount of other stone types, These 
include quartzite, greywacke, limestone and pink-red granite.  
 
Decay: In 1998, only the eastern elevation of the single-storey lime-washed pitched-roof gate lodge 
seen in the Laurence Collection photograph c.1890 survived.  The wall stands at the high water mark 
exposing six courses to a maximum height of approximately 2.2 metres. No trace of the former external 
render was in evidence, and the coursed random rubble masonry fabric was exposed. With the drop in 
beach levels observed from 1998-2002, the lower part of the surviving elevation was exposed - 
revealing a formerly buried section showing a slight base batter. Newly exposed sections of masonry at 
the northern extent of the wall were exposed and rapidly collapsed. The landfill backing and supporting 
the wall is rapidly eroding. Six courses of masonry were visible in 1998. However, beach levels have 
dropped by up to 1.5 metres in places, and the gate lodge wall showed twelve courses of masonry in 
April 2004.  
 
The stone surfaces show a range of decay forms. Scaling, granular disintegration and brown staining is 
commonly seen in granite masonry units. The lower courses of masonry show rounding and some 
surface recession probably associated with corrasion from the highly mobile cobble element forming the 
upper beach at the foot of the wall. The wall surfaces also commonly show graffiti (c. April 2003), and 
previous fire damage to the southern end appearing as surface blackening and some cracking of stone 
units. The lime-based mortar is in good condition and no dry joints were observed. Biological 
colonisation was not significant.  
 
Summary: The gate lodge was classified as fragmentary standing, featuring strong stone decay and 
strong structural damage. The decay affecting the stone surfaces are summarised in Table 6.13. 
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Major stone type(s) Leinster Granite 
Surface colour range  Grey, Pink-red 
Significant decay forms Abrasion and corrasion to lower courses, scaling, granular disintegration and brown 
[iron] staining.  
Table 6.13: Key Stone Types and Decay Forms Noted to the Gate Lodge at Bray, Co. Wicklow. 
 
 
6.4.3.4 Goreen Church, Omey Island, Co. Galway 
 
Goreen Church is located in a sheltered coastal environment on Omey Island, Co. Galway. A church 
attributed to St. Feichin is said to have been founded here (Robinson 1990). The site is located on a 
very exposed Island, however the church is very sheltered as it is currently situated on the sandy 
substrate of a 4.5 metre deep depression surrounded by sand dunes. Despite these unusual conditions, 
no particular microclimate was noted, possibly due to the exposed nature of the island as a whole. 
Goreen Church is a nave and chancel church composed of roughly coursed random rubble with 
occasional dressed blocks and pinnings. Dressed blocks are of schist and include quoins, lintels and 
elements of the openings. It was built of mortared masonry of predominantly pink granite blocks of 
irregular sizes, varying from 100 x 30 cm to 10 x 5 cm. The rubble walling comprises inner and outer 
roughly cut stone faces, bonded by a mortared rubble core. 
 
The doorway of the east elevation partially survives. Jambstones of schist can be seen at this doorway. 
The window of the north gable, with a massive schist lintel, partially survives. The enclosure walls are 
constructed of a similar masonry to the church, and surround the site to the north, west and south. 
These bear the retaining load of the sand dunes behind them and appear unstable. The east section of 
the enclosure wall is possibly located beneath the sand dunes. The original lime mortars and renders 
contain aggregate of sea sand and abundant shells including snails, limpets, oysters and other marine 
molluscs. 
 
Stone: The church is composed of a number of stone types including granite/adamellite- (85%), schist 
and gneissic schist (10%), marble, quartzite and other lithics (5%). The majority of the masonry was 
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built with the Omey Granite [as observed on natural granite outcrops on the island], though quoins and 
lintels were made with a grey schist and gneissic schist with garnets. The church was mostly built with 
local stone. The same type of granite in the church was observed on the bedrock outcrops of the island. 
This granite belongs to the Omey Granite, part of the western intrusions which formed the Galway 
Granites. 
 
The Omey Granite shows a distinctive porphyritic, coarse-grained texture. It is a pink, porphyritic, 
medium to coarse grained adamellite containing abundant K-feldspar and plagioclase (70%), quartz (20-
30%) and mafic minerals (less than 5%, including biotite and sporadic hornblende). It contains 
accessory minerals such as magnetite and rutile.  
 
Decay: Structural decay is evident. On the east elevation, masonry to the sides of the entrance is lost. 
Part of the west elevation has collapsed into the church. Enlargement of incipient natural fractures in 
granite blocks and eventual splitting of granite blocks along natural fractures was recorded. Rough 
surfaces due to granular disintegration and scaling were also recorded on the granite surface. Flaking of 
granite blocks at the foundations and occasional strong brown staining were noted. The granite seen in 
thin section was extremely weathered showing intense alteration of feldspar, chloritization of biotite and 
extensive micro-fracturing. Strong weathering of feldspar and mica, intense micro-fracturing and 
oxidation were recorded with the petrographic microscope. 
 
Summary: The church was classified as standing, featuring strong stone decay and strong structural 
damage. Due to the location of the church in a deep depression, the stone is protected against abrasion 
by wind or driving rain. The masonry seems affected by water-related chemical decay processes. These 
may be partially responsible for the flaking of granite. Even though the influence of moisture is evident, a 
microclimate of strong humidity is not present at the site. The fractured and split granite blocks are not 
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compromising the overall structural integrity of the building. However, a section of wall seems unstable. 
The decay affecting the stone is summarized in Table 6.14. 
 
Major stone type(s) Granite/adamellite, schist & gneissic schist, marble, quartzite and other stone types. 
Surface colour range  Pink Granite. 
Significant decay forms Structural damage, scaling, granular disintegration, flaking, brown staining, micro-
fracturing and deterioration of feldspar. 
Table 6.14: Key Stone Types and Decay Forms Noted to Goreen Church, Omey Island, Co. Galway 
 
6.4.4 Granitic Stone Monuments in Unpolluted Inland Environments 
 
No Name Mild Strong 
1.  Brownshill Portal Tomb, Carlow * *  
2.  Bagnelstown Courthouse, Carlow *  
3.  Kilcloneymore Court Tomb, Donegal *  
4.  Kilcloneymore Portal Tombs, Donegal *  
5.  Owenea Standing Stone, Donegal *  
6.  Ballybrack Portal Tomb, Dublin * *  
7.  Kilininny Tower, Tallaght,  Dublin *  
8.  Kilternan Portal Tomb, Dublin * *  
9.  Kilternan Church, Dublin * *  
10.  Pucks Castle, Dublin *  
11.  Rathdown Slabs 1 & 2, Whitechurch, Dublin *  
12.  Whitechurch Church, Whitechurch, Dublin *  
13.  Castledermot High Cross 1, Kildare * *  
14.  Castledermot High Cross 2,  Kildare * *  
15.  Castledermot Romanesque Doorway, Kildare *  * 
16.  Castledermot Round Tower, Kildare * *  
17.  Castledermot Hogback Grave, Kildare * *  
18.  Moone High Cross, Kildare * *  
19.  Sleaty Cross 1, Laois * *  
20.  Sleaty Cross 2, Laois * *  
21.  Ferns Cross 1, Wexford * *  
22.  Ferns Cross 2, Wexford * *  
23.  Ferns Cross 3, Wexford * *  
24.  Iberius' Church, Wexford * *  
25.  St. Margarets Church, Wexford *  * 
26.  Baltinglas Abbey, Wicklow * *  
27.  Fairy Hill Cross Bray, Wicklow * *  
28.  Fassaroe Castle, Wicklow *  * 
29.  Kilmacanogue Church, Wicklow * *  
30.  Old Conna Church Bray, Wicklow *  * 
31.  Oldcourt Castle Bray, Wicklow ** *  
32.  Raheenacluig Church Bray, Wicklow * *  
33.  St. Crispins Cell, Greystones, Wicklow *  * 
34.  St. Valeries Cross Bray, Wicklow * *  
35.  Leopardstown Stone Cross and base *  
36.  Kill Abbey *  
37.  Kill Abbey Cross *  
38.  Kill Lane Font *  
39.  Kilgobbin Church *  
40.  Kilgobbin High Cross *  
41.  Kilmashogue Rock Art *  
42.  Fairy Castle Cairn *  
43.  Ballyedmonduff Megalithic Tomb *  
44.  Hilltop Standing Stone *  
45.  Jamestown Cross *  
46.  Jamestown Well *  
47.  Tully Church *  
48.  Tully Cross *  
49.  Tully Cross High Cross  * 
50.  Rathmichael Church *  
51.  Rathmichael Round Tower *  
52.  Shankill Cross *  
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53.  Ballycorus Lead Mine  * 
54.  Brennanstown Standing Stone  * 
Total 46 (85%) 8 (15%) 
Table 6.15: Current Condition of Granitic Stone Monuments Found in Unpolluted Inland Environments.  
*Previously published in Pavía and Bolton (2001). ** Previously published in Bolton and Pavía (1999). 
 
 
6.4.5 Granitic Stone Monuments in Unpolluted Inland Environments showing Mild Stone 
Decay 
 
6.4.5.1 Kilclooneymore Court Tomb, Co. Donegal 
 
This megalithic monument consists of a burial gallery measuring 6 metres long and 2.4 metres wide, 
orientated approximately east-west and located within a long low indefinite mound. The monument is 
surrounded by lowland blanket bog, overlooking the basin of the Abberachin river. The site of Kilclooney 
More Portal Tomb lies approximately 500 metres to the north-east, and is composed of a main burial 
gallery, featuring 1.8 metre high jamb-stones and two displaced lintels at the entrance (Waddell 1998, 
Cody 2002). Two tiers from the original corbelled roof of the tomb survive along the south side of the 
gallery. Two court stones, standing 1.2 metres high are located adjoining the north-east of the gallery.  
 
Stone: The tomb was constructed using a fine-grained, equigranular, pink and white granitic rock with 
marked foliation, occasional quartz veins and xenoliths, and is probably a granodiorite. The stone 
probably belongs to the Ardara granodiorite pluton. The stone is located in a bedrock area of 
granodiorite with quartz monozodiorite to the south. This is one of the several granitic intrusions 
emplaced in Donegal collectively known as the Donegal Batholith (Long and McConnell 1997, 1999). 
 
Decay: The orthostats are generally affected by dissolution showing rounded edges.  Old spalling due 
to intersection of internal structures, occasional fractures and oxidation were recorded. Some orthostats 
also show incipient scaling. The stone shows intense biological colonisation by lichen. The monument 
remains in a reasonable condition. However, a trackway has been newly laid (June 2002) 4 metres to 
the north of the tomb gallery cutting into the surrounding mound. 
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Fig. 6.44: The Entrance to Kilclooneymore Court Tomb. Fig. 6.45: Petromicrograph of the Granitic Rock Structure, 
Kilclooneymore Court Tomb. 
 
Summary: The monument was classified as standing, featuring mild stone decay. The decay affecting 
the stone is summarized in Table 6.16. 
 
Major stone type(s) Granodiorite 
Surface colour range  Pink and white 
Significant decay forms Fracturing, scaling, spalling, dissolution, biological colonisation. 
Table 6.16: Key Stone Types and Decay Forms Noted to Kilcloney Court Tomb, Co. Donegal. 
 
6.4.5.2 Kilclooneymore Portal Tombs, Co. Donegal 
 
The monument consists of two portal tombs standing approximately nine metres apart within a now 
destroyed 26 metre long trapezoidal mound aligned north-north-east to south-south-west (Cody 2002). 
The cairn is bisected by a dry stone wall oriented approximately north-south standing 0.8 metres high. 
The monument is surrounded by lowland blanket bog, overlooking the basin of the Abberachin river. 
The site of Kilclooney More Court Tomb lies approximately 500 metres to the south-west. Portal tomb 1 
has the larger chamber of the pair, and is located in the north-eastern end of the cairn. The chamber is 
set skew to the alignment of the enclosing cairn. The tomb consists of two portal stones standing 
approximately 1.7 metres high, with a 0.5 metre high entrance sillstone, a sloping roofstone extending 
4.2 metres in length supported by a backstone with padstone. The sidestones may have originally 
featured corbels sealing the chamber up to the level of the roofstone (Lacy 1983).  
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The smaller portal tomb faces south-west into the body of the cairn. The tomb is similar in design to the 
other larger tomb, but features an unusual lintel stone arrangement to increase the slope of the 
roofstone. The roofstone appears to have slipped sideways and is now supported by the west end of the 
lintel only. Cody (2002) shows a watercolour dated 1799 (RIA Ms 3 C 33) noting the roofstone in place. 
The remains of now-displaced roofing corbels can be seen beside the sidestones. 
Fig. 6.46: Kilcloneymore Portal Tomb I. Fig. 6.47: Kilcloneymore Portal 
Tomb II. 
Fig. 6.48: Fracturing and Scaling, 
Kilcloneymore Portal Tomb II. 
 
Stone: The two portal tombs were constructed using a fine-grained, equigranular, pink and white 
granitic rock with occasional quartz veins and xenoliths. The stone is probably the local granodiorite. 
Strong lichen growth is obscuring additional textural features of the stone. The rock again belongs to the 
Ardara pluton, one of several granitic intrusions emplaced in Donegal collectively known as the Donegal 
Batholith (Long and McConnell 1997, 1999). 
 
Decay: Thin scaling was noted to the underside of the roofstone of portal tomb 1. The scales extend to 
approximately 2 mm in thickness.  The backstone is supporting most of the weight of the capstone, and 
is currently showing signs of stress including fracturing and scaling. The sillstone displays intersecting 
fractures, and the capstone shows horizontal fractures.  The stone is generally affected by dissolution. 
The interior of portal tomb 2 is filled with boulders. The orthostats commonly show closed fractures. In 
the jamb stones the fractures are vertical (right jamb stone), and horizontal (left jamb stone). Other 
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damage to the jamb stones includes old spalling and incipient scaling to the roofstone.  Some orthostats 
also show incipient scaling. The stone surfaces of the monuments are generally affected by dissolution. 
 
Summary: The monument was classified as standing, featuring mild stone decay. The decay affecting 
the stone is summarized in Table 6.17. 
Major stone type(s) Granodiorite 
Surface colour range  Pink and white 
Significant decay forms Fracturing, scaling, spalling, dissolution, biological colonisation. 
Table 6.17: Key Stone Types and Decay Forms Noted to Kilcloney Portal Tombs, Co. Donegal. 
 
 
6.4.5.3 Owenea Standing Stone, Co. Donegal  
 
The standing stone, probably dating to the Bronze Age, is aligned approximately north-south and 
inclines slightly to the west. It measures 2.95 metres high, 1.35 metres wide and 0.8 metres deep. The 
stone is located close to the south bank of the Owenea river, and is surrounded by agricultural 
grassland and semi-natural woodland. A tree is growing immediately to the east of the stone. Standing 
stones may have served a number of different purposes over time. This stone may have also functioned 
as a territorial marker as it stands on the northern edge of the barony of Banagh (Lacy 1983). 
  
Fig. 6.49: General View of Owenea Standing Stone. Fig. 6.50: Spalling and Biological Colonisation, Owenea 
Standing Stone. 
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Stone: The standing stone is composed of an almost white, predominantly equigranular, fine-grained 
granitic rock locally showing coarser texture. Ferromagnesian minerals, probably hornblende, were 
evident in hand sample. The stone probably belongs to the Ardara granodiorite pluton. The stone is 
located in a bedrock area of granodiorite with quartz monozodiorite to the south. This is one of the 
several granitic intrusions emplaced in Donegal collectively known as the Donegal Batholith (Long and 
McConnell 1997, 1999). 
 
Decay: The stone is very heavily colonised by lichen. The lichen cover may be hiding additional textural 
features of the granitic rock.  The colonisation is most intense to the east and north faces. Closed 
discontinuous joints were recorded to the west (top centre) and north faces. Local spalling  (not recent) 
was also recorded. 
 
Summary: The standing stone was classified as standing, featuring mild stone decay. The decay 
affecting the stone is summarized in Table 6.18. 
 
Major stone type(s) Granodiorite 
Surface colour range  White 
Significant decay forms Biological colonisation, spalling. 
Table 6.18: Key Stone Types and Decay Forms Noted to Owenea Standing Stone, Co. Donegal. 
 
 
6.4.6 Granitic Stone Monuments in Unpolluted Inland Environments showing Strong Stone 
Decay 
 
6.4.6.1 Castledermot Romanesque Doorway, Co. Kildare 
 
The Romanesque doorway at Castlederrmot stands within the grounds of St. James Church of Ireland 
parish church in the centre of the village. The site also contains a number of other monuments 
(previously published in Pavía and Bolton 2001), including a 10th century round tower attached to the 
19th century church (Lalor 1999), a pair of 9th century sculpted high crosses erected sometime after 812 
AD associated with the ascetic Céli Dé (Servants of God) or Culdee religious reform movement 
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(Harbison 1994), and a hogback grave, possibly a memorial to a Christian Viking (Lang 1971). The 
Romanesque doorway, probably dating to the 12th century, is composed of two orders of arch voussoirs 
appearing as unmoulded pointed-out chevrons within an aureole of surrounding rubble masonry. Leask 
(1955) notes that the wide proportions of the doorway suggest another, now lost, inner doorway. The 
doorway has been partially repointed with ordinary portland cement based mortars. 
Stone: The dressed and carved doorway jambs and arch voussoirs are composed of a light grey to 
white granitic rock occasionally showing quartz veins. Two varieties of granitic rock were identified: a 
medium to coarse grained porphyritic granite with feldspar phenocrysts, and a equigranular fine-grained 
granitic rock. The stone may have been sourced from glacial erratics. Though the village of 
Castledermot is located on the Tullow Pluton, one of the southern units of the Leinster batholith, glacial 
deposits overly the granite and no granite outcrops are accessible in the locality. Wilkinson (1845:238-
239) noted: 
 
“.. the granite district. The town of Castledermot is placed nearly on its borders; but the rock is here covered with a 
considerable thickness of soil and gravel; and the stones used are principally obtained from the loose boulders and 
masses, which abound on the surface here, and for many miles around”. 
 
Decay: The medium to coarse grained granite blocks are very heavily weathered, showing strong 
granular disintegration, partial iron staining, heavy flaking and scaling. Weathering of feldspar to clay 
minerals, delamination and oxidation of mica and weathering of the clay mineral matrix were also 
recorded.  
 
Summary: The monument was classified as fragmentary standing, featuring strong stone decay. It is 
likely that the origin of the strong stone decay lies with inherited features arising form the use of pre-
weathered glacial erratics, which masons historically favoured as a “softer” stone easier to carve. An 
alternate scenario to account for the strong stone decay could be other forms of inherited decay such as 
paleothermal alteration. The doorway has also been partially repointed with ordinary portland cement 
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based mortars, which have been known to contribute to accelerated rates of stone decay. The decay 
affecting the stone is summarized in Table 6.19. 
Major stone type(s) Granite 
Surface colour range  White to light grey 
Significant decay forms Granular disintegration, iron staining, flaking and scaling. 
Table 6.19: Key Stone Types and Decay Forms Noted to Castledermot Romanesque Doorway, Co. Kildare. 
 
6.4.6.2 St. Margaret’s Church, Co. Wexford 
 
St. Margaret’s Church consists of a nave and chancel church, retaining walls surviving almost to full 
helight. The church is composed of uncoursed rubble masonry, but retains a number of architectural 
features including a chancel arch, and a pointed east window with remains of tracery and a hood 
moulding. The interior walls retain traces of a coarse-grained base coat of a lime-based internal render. 
 
Stone: The church is composed of two distinct local stone types, predominantly a dark grey gneiss. 
However, approximately 30% of the structure was built using a pink granite, varying from fine to coarse 
grained and porphyroblastic, including feldspar phenocrysts up to 27 mm in maximum dimension. The 
pink granite is the Carnsore adamellite. 
 
Decay: The rubble walls of the church are obscured by intense biological colonisation in the form of 
higher order species including small trees, ivy, bramble and other creepers. The granite where exposed 
in the wall surface and to the quoins shows granular disintegration, weathering of the feldspar and 
delamination of mica. 
 
Summary: The monument was classified as fragmentary standing, featuring strong stone decay. The 
decay affecting the granite is summarized in Table 6.20. 
Major stone type(s) Granite 
Surface colour range   
Significant decay forms  
Table 6.20: Key Stone Types and Decay Forms Noted to St. Margaret’s Church, Co. Wexford. 
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6.4.6.3 Fassaroe Castle, Co. Wicklow 
 
Fassaroe Castle appears as the west and south walls of a tower house, built c.1535 (Turner 1983). The 
rubble masonry walls show an external wall batter, and the interior wall surfaces retain a number of 
features including the remains of a barrel vault, embrasures, aumbries and fireplaces to the interior. The 
barrel vault and the soffits of the embrasures show traces of wicker centering, and the internal wall 
surfaces retain traces of a coarse-grained pink-coloured lime-based internal render containing charcoal. 
 
Stone: The tower house was built using a mix of the available stone types of the locality including 
schist/phyllite, quartzite and granite (which forms approximately 27% of the surviving stone masonry). 
The granite was preferentially used for dressed granite quoins, lintels, jambs and corbels. The granite is 
a fine-to medium grained light grey stone, occasionally porphyritic in nature containing coarse white 
mica and occasional quartz veins. Some granite blocks show a cream to pink surface colour. However, 
the majority of the granite is light-grey, consisting of feldspar (50%), quartz (45%) and mica (5%). The 
feldspar exhibits weathering and both muscovite and chloritized biotite are present. 
 
Decay: The granite tends to show strong stone decay, including significant detachment of mineral 
grains through granular disintegration. This decay form was noted in both cut granite blocks (e.g. 
corbels) and in rubble granite masonry units. Several granite blocks show a well-developed decay form 
known as “onion skin” often seen to granite outcrops. The cream to pink surface colour noted to some 
granite blocks are decay features associated with mineral alteration of feldspar and strong weathering-
derived oxidation. The coarse white mica of the porphyritic granite is delaminated and friable. Oxidation 
of biotite, delamination of mica, micro-fracturing and granular disintegration were also observable under 
the petrographic microscope. 
 
Summary: The monument was classified as fragmentary standing, featuring strong stone decay. The 
occurrence of well-developed decay forms to granite blocks to the relatively sheltered interior of the 
tower house, and the occurrence of similar intensities of decay to blocks contained within the vertical 
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masonry wall surface, and for load-bearing purposes (quoins, corbels) suggests that the granite may 
have been sourced from pre-weathered granite erratics or from pre-weathered granite at the top of an 
outcrop.  The joints are lime-based and no likely salt-bearing mortars or other materials were noted The 
decay affecting the granite is summarized in Table 6.21. 
 
Major stone type(s) Granite 
Surface colour range  Light grey, cream, pink 
Significant decay forms Granular disintegration, detachment of outer layers, surface colour alteration, 
delamination of mica, micro-fracturing, oxidation. 
Table 6.21: Key Stone Types and Decay Forms Noted to Fassaroe Castle, Co. Wicklow. 
 
6.4.6.4 Old Conna Church, Bray, Co. Wicklow 
 
Old Conna Church is a single chamber church, built c. 1630 (Turner 1983), composed of rubble 
masonry and entered through a single entrance in the south wall, and retaining a single internally 
splayed window to the east and the west gable walls. The west gable also features a relatively modern 
bellcote bonded with ordinary portland cement based mortar.   
 
Stone: The church was built with a wide variety of stone types including quartzite, schist, greywacke, 
slate, quartz, micro-conglomeratic sandstone, basic igneous rocks and limestone. However, 80% of the 
fabric is composed of granite of variable texture and composition, which was generally used for cut 
stone work in addition to rubble walling. A light-grey, medium-grained porphyritic granite with coarse 
white mica up to 12 mm in maximum dimension is the most abundant type of granite. However, the 
granite masonry blocks typically vary widely in colour and texture, and most are weathered. The wide 
variety of granite types, and the wide variety of stone types used in the construction of the church 
suggests that the masonry was not quarried, but that blocks were collected or extracted from the 
surrounding glacial till and/or from glacial erratic boulders.  
 
Decay: The granite masonry blocks typically show a rough surface texture due to the detachment and 
loss of mineral grains through granular disintegration. Strong oxidation has resulted in surface colour 
alteration, with some granite units appearing pink, cream and red. Weathering of feldspar and mica 
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were noted in hand specimen, and the granite surfaces also exhibited flaking and biological colonisation 
in the form of algal growth. Some granite gravestones in the associated graveyard also show loss of 
carved detail through granular disintegration. 
 
Summary: The monument was classified as standing, featuring strong stone decay. The decay 
affecting the stone is summarized in Table 6.22. 
Major stone type(s) Granite 
Surface colour range  Light-grey, white, cream, pink, red. 
Significant decay forms Granular disintegration, surface colour alteration, flaking. 
Table 6.22: Key Stone Types and Decay Forms Noted to Old Conna Church, Co. Wicklow. 
 
 
6.5 Discussion 
 
The key finding of the stone decay assessments (see Section 6.4 and Appendix IV) was that there was 
very little variation in the range of most common decay forms found in coastal and unpolluted inland 
environments in Ireland, and that scaling and granular disintegration which have been previously 
associated with salts of marine origin, are not prevalent in coastal locations. The results and the key 
forms of decay recorded to both coastal and inland monuments is summarised in Table 6.23. 
Type Total Population: 88 Coastal: 33 Inland: 55 
No. % No. % No. % 
Biological Colonisation 78 89% 27 82% 51 93% 
Intense Biological 
Colonisation 
11 12.5% 3 9% 8 15% 
Brown Staining 39 44% 18 55% 21 38% 
Dissolution 42 48% 16 49% 26 47% 
Granular Disintegration 58 66% 22 67% 36 65% 
Fracturing 28 32% 10 30% 18 33% 
Scaling 31 35% 11 33% 20 37% 
Dry Joints 20 23% 13 65% 7 35% 
Spalling 17 19% 4 24% 13 76% 
Oxidation 38 43% 11 33% 27 49% 
 
Mild Stone Decay 75 85% 28 85% 47 85% 
Strong Stone Decay 13 15% 5 15% 8 15% 
Table 6.23: Summary of Granite Stone Decay Assessments. 
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All granite stone monuments showed stone decay. These were classified according to severity of stone 
loss and/or alteration into two broad categories: “Mild Stone Decay” (85%) or “Strong Stone Decay” 
(15%). The ratios of mild to strong stone decay remained equal regardless of location. The mild decay 
forms found among the total population of granite stone monuments was also found to be similar 
regardless of location, including granular disintegration, scaling, flaking, fracturing, spalling, surface 
roughening, staining, biological colonisation, oxidation and dry joints (discussed in Section 6.3.3). 
However, not all monuments displayed the same range of decay forms.  For example, the cross on 
Saint MacDara’s Island showed stone loss from granular disintegration, fracturing, spalling and animal 
abrasion whereas the adjacent early Christian church (see Section 6.4.2.8) shows brown staining, 
granular disintegration, biological colonisation, and lime leaching (from repair mortars). Further evidence 
of this is seen in a group of five coastal structures (four Martello towers and a battery fort), built 1804-
1805 (Clements 1999) using the same granite throughout. These similar structures show variation in the 
range of decay forms present (see Table 6.24). Consequently, location and age do not seem to be the 
key factors in determining which decay forms develop in granite buildings. 
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Biological Colonisation No Yes Yes Yes Yes 
Intense Biological Colonisation No No No No No 
Brown Staining Yes Yes Yes Yes  
Dissolution Yes Yes Yes Yes Yes 
Granular Disintegration No No Yes No No 
Fracturing No No No No No 
Scaling Yes No No No No 
Dry Joints Yes No No Yes Yes 
Spalling No No No No No 
Oxidation No No No No No 
Other No Yes Yes No Yes 
Table 6.24: Comparison of Visual Indicators from The Martello Towers at Sandymount, Booterstown, Seapoint and Dalkey 
Island, and the Fort at Dalkey Island. All Constructed 1804-1805. 
 
The occurrence of strong stone decay found at coastal monuments could most often be attributed to a 
coast-specific factor of the inter-tidal zone such as abrasion and corrosion (as discussed in Section 
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4.7.3.2). Strong stone decay in unpolluted inland environments was often associated with incompatible 
repair materials (for example at Castledermot Romanesque Doorway, see Section 6.4.6.1) or another 
well-understood processes known to cause or accelerate stone decay.  
 
Similarly, there was very little variation in mild stone decay observed in both coastal and unpolluted 
inland environments, and the variation in the range of decay forms present could be associated with 
building-level, wall-level or stone-level vulnerabilities. There were some minor variations in the decay 
forms found at inland and coastal locations. For example, dry joints were found to be more common on 
coastal buildings than inland buildings. However, this is more likely to be due to the greater amount of 
water present on the coast and the coast-specific processes such as abrasion and corrosion (see 
Section 4.7.3.2) acting on the joints. Biological colonisation was constant in almost the entire population, 
and was considered to be intense (i.e. showing observable significant damage to the structure or large 
areas of stone surfaces which could be directly associated with organic growth) in 12.5-15% of the 
monuments assessed for the research. While coastal buildings provide habitats for both terrestrial and 
marine organisms, some variation in the degree of damage to historic buildings and building surfaces 
might be expected. However, the majority of the sites examined were ruined masonry structures and 
thus appeared to provide similar opportunities for species to establish themselves as those found on a 
natural rocky substrate.  
 
The key decay forms of granular disintegration, fracturing, scaling, biological colonisation and 
dissolution were found to occur equally in both coastal and unpolluted inland environments. This 
contrasted strongly with the general findings from literature which almost universally noted more severe 
weathering to coastal stone surfaces (see Section 6.3.4.3); significant salt-related decay found at stone 
monuments along the coast (outlined in Section 6.3.4); an associated correlation between proximity to 
the coast and severity of decay (Silva et al 2002, Zezza 2002); and detectable links between salts of 
marine origin and granite decay, especially the development of scaling and granular disintegration on 
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granite stone surfaces (see Section 6.3.7). The research therefore uncovered a significant anomaly in 
the condition of granite stone monuments in Ireland, which is considered of great relevance to the 
central research question. It was therefore necessary to further focus the research on an examination of 
decaying granite stone surfaces from both coastal and unpolluted inland environments to note any 
variation in the decay, or any factors which could be attributed or influenced by proximity to the coast, 
which would allow the fieldwork findings of the research study to be compared more meaningfully with 
the more severe coastal stone decay reported elsewhere in the literature. The necessary tasks to be 
undertaken in these detailed analyses (outlined in detail in Chapter 7) are: 
 
• Detailed laboratory analyses are considered necessary In order to examine and compare 
granite stone decay in coastal and unpolluted inland environments in Ireland. The laboratory 
investigations should build on the findings of previous research in the EU (Sections 6.3.5-6.3.7) 
and the findings of the fieldwork undertaken in this chapter.  
• A number of analytical techniques should be selected, focusing on the identification of salts of 
marine origin in areas actively showing stone decay (especially granular disintegration and 
scaling) which were shown in the literature review to be a key factor in coastal stone decay of 
studies from elsewhere in the EU. 
• The analysis should comprise a representative sample of granite stone surfaces from both 
coastal and unpolluted inland environments, examining both seaward-facing and landward-
facing elevations, and critically evaluate the data focusing on the overall research question. 
7  Laboratory Analyses 
 
7.1 Introduction 
 
The purpose of the laboratory analyses is to investigate the presence and impact of salt of marine 
origin on granite stone surfaces. The study is intended to test and query the current internationally 
accepted convention that monuments on the coast are significantly affected by damaging stone 
decay processes associated with salts of marine origin. The study therefore builds on the findings 
of previous EU research in France, Italy, Greece, Portugal and the United Kingdom (see Sections 
6.3.5-6.3.7), and builds on the findings of the visual assessments undertaken in Chapter 6 which 
showed that despite very exposed coastal locations and the long weathering periods, the surface 
condition of granite found in Irish coastal archaeological monuments and historic buildings was 
generally sound, showing relatively little deterioration. 
 
The evaluation of granite archaeological monuments in Chapter 6 observed that there was no 
significant variation in the type or severity of deterioration to stone surfaces in coastal and 
unpolluted inland environments; a finding contrary to the European norm of significant salt-related 
decay found in stone monuments along the coast (outlined in Section 6.3.4), and an associated 
correlation between proximity to the coast and severity of decay (Silva et al 2002, Zezza 2002). 
Further, overall the number and severity of weathering forms recorded are lower than reported 
elsewhere in Europe, implying that the stone surfaces of Irish granite monuments tend to survive in 
better condition than their European counterparts. The overall aim of this section is to further 
investigate this anomaly using laboratory instrumental analyses to determine the presence or 
absence of salts of marine origin in granite stone surfaces in coastal and unpolluted inland 
environments, since salts of marine origin have been identified as the key contributor to stone 
deterioration in coastal locations (Section 6.3). To achieve this aim, a number of specific objectives 
were set (Table 7.1). 
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• To identify analytical techniques appropriate to the aims of the study. 
• To analyse a representative sample of stone surfaces from coastal and unpolluted inland environments to 
determine the presence or absence of salts of marine origin. 
• To analyse the seaward-facing and landward-facing elevations or quadrants of granitic stone surfaces in 
coastal and unpolluted inland environments to determine the presence or absence of salts of marine origin. 
• To critically evaluate the data focusing on the overall research question. 
Table 7.1: Specific Objectives of the Laboratory Analyses 
 
7.2 Methodology 
 
The purpose of the methodology was to identify analytical techniques most appropriate to the 
research question. Granite from Counties Carlow, Donegal [Ardara], Dublin, Galway [Carna & 
Omey], Kildare, Wexford [Carnsore] and Wicklow were considered in Chapter 6. The research was 
further focused by the selection of granites from three areas only – Galway [Carna & Omey], 
Wexford [Carnsore] and the Type II Leinster Granite found in south Dublin/north Wicklow. These 
three areas were selected as they met the following criteria: 
• They represent three distinct coastal areas in Ireland – the East (Type II Leinster), the 
South-East (Carnsore) and the West (Carna & Omey) and are therefore respectively 
representative of Mild, Moderate and Strong coastal weathering environments in Ireland. 
• The granites are hard, durable stone types, showing comparable decay forms (scaling, 
granular disintegration and brown staining) and severities of decay. 
• Each of the three areas contains a representative and comparable sample population of 
archaeological monuments in both coastal and unpolluted inland environments. 
 
Following the findings of previous researchers, a specific salt [NaCl] was chosen as an indicator of 
the presence of salts of marine origin (Winkler 1994, Silva et al 2002, Zezza 2002). Samples were 
taken from stone surfaces showing active deterioration (scaling and granular disintegration) to 
identify any salts of marine origin [specifically NaCl] which may be associated or causing this 
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decay. Four analytical methods were chosen for this purpose (Table 7.2) – Petrography, Electron 
Microscopy (qualitative methods) XRF, and Ion Chromatography (quantitative methods). These 
methods allowed identification of the presence, type and intensity of salts of marine origin on a 
stone surface through different techniques, to provide a better understanding of where salt occurs 
on stone surfaces in coastal and unpolluted inland environments, and how damage may arise. 
 
1. Petrographic analytical methods can be used to accurately characterise the granitic stones considered 
during this study in order to understand their composition, and their vulnerabilities to surface alteration and 
deterioration (see Appendix III), and to select granite suitable for more detailed analyses. Petrography was 
therefore used to characterise the granites, and any decayed areas of stone. 
2. Ion chromatography was used to determine the presence and type[s] of salts of marine origin potentially 
located to granitic rock surfaces from the Leinster Granite and the Galway [Carna] Granite showing granular 
disintegration and scaling. Ion chromatography was used therefore to identify any salts in areas of decayed 
granite. 
3. Electron microscopy was undertaken to determine the presence of salts of marine origin or any other 
significant features from three groups of buildings: Granite was analysed from monuments located on a 
horizontal transect with increasing distance from the shore on the west coast of Ireland; Monuments located on 
a horizontal transect with increasing distance from the shore on the east coast of Ireland; and Monuments 
located along the shoreline at the High Water Mark. 
4. XRF analysis was used to investigate whether salts of marine origin on a sample population of 39 
archaeological monuments and quarry sites in both coastal and unpolluted inland environments. The XRF 
analysis also investigated potential vertical zonation of salt deposition at each site.  
Table 7.2: Analytical Methods Selected to Meet the Specific Objectives of the Research. 
 
7.3 Petrographic Analyses 
 
The purpose of the petrographic microscope analysis is: 
 
• To accurately assess the characteristics of the granitic stone types found in the 
archaeological monuments considered in this phase of the study. 
• To note the type and severity of decay forms found. 
• To note any occurrences of salt crystallisation.  
 
This analysis builds on the petrographic assessments of granite monuments (see Appendix IV; thin 
section work by  Pavía & Bolton 2001). The granites considered are Galway [Carna] granite, 
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Wexford [Carnsore] granite, and type II Leinster granite found in north Wicklow and south Dublin, 
previously characterised by Brindley (1954). The assessment included determination of the 
mineralogy, texture, colour of the stones, and the recording of weathering and deterioration through 
assessment of visual indicators of stone decay at each site.  
 
7.3.1 Sampling 
 
Thirteen stone monuments were selected from coastal areas in counties Dublin, Wicklow, Wexford 
and Galway. The selected samples were those deemed to be representative of the materials found 
at each monument, in the best condition and free from contamination, and therefore suitable to 
provide useful data.  For this technique, fresh stone cuts are needed to allow stone to be analysed 
in detail. Fresh cuts were not made to any stone monuments to avoid damage, however, any 
recent spalls were used for this purpose where found. In addition, samples of decayed stone 
scales and flakes which have fallen from the monument were sometimes collected from the base of 
the monument. In several small monuments, the stone was difficult to characterise due to the 
occurrence of weathering patinas and biofilms following the contours of the stone surface.  
 
No. Monument Date County Details 
1. Kilternan Church Medieval Dublin Type II Leinster Granite 
2. Kilternan Portal Tomb Prehistoric Dublin Type II Leinster Granite 
3. Goreen Church Medieval Galway Galway [Carna] Granite 
4. St. MacDara’s Church Medieval Galway Galway [Carna] Granite 
5. Lady’s Island Church Medieval Wexford Carnsore Granite 
6. Lady’s Island Mural Tower Medieval Wexford Carnsore Granite 
7. Lady’s Island Tower House Medieval Wexford Carnsore Granite 
8. Rathshillane Castle Medieval Wexford Carnsore Granite 
9. St. Margaret’s Church Medieval Wexford Carnsore Granite 
10. Fassaroe Castle Medieval Wicklow Type II Leinster Granite 
11. Old Conna Church Medieval Wicklow Type II Leinster Granite 
12. Oldcourt Castle Medieval Wicklow Type II Leinster Granite 
13. St. Crispin’s Cell Medieval Wicklow Type II Leinster Granite 
Table 7.3: Details of Granite Monuments Sampled for Petrographic Analysis. 
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7.3.2 Results of the Petrographic Analyses 
 
7.3.2.1 Leinster Granite: Characterisation and Typical Decay Forms: The Leinster Granite is 
the largest granite pluton in Ireland, comprising a wide range of granitic stone types. Two types of 
granite were selected from the Leinster Granite:  
• A sample from South Dublin and north Wicklow – Type II Leinster Granite, a granite with 
microcline (alkali feldspar) phenocrysts. 
• A sample from West Wicklow-Kildare-Carlow – Tullow Type II, an equigranular pale fine- to 
coarse-grained granite.  
Though each type contains stone of slightly different composition and durability, the evaluation of a 
representative sample from each area allowed a representative overview to be achieved.  The 
south Dublin and north Wicklow is a light grey, mainly equigranular, predominantly medium-grained 
granite, comparable to the granite variety defined as type II in the northern units of the Leinster 
Batholith (Brindley 1954). The West Wicklow-Carlow-Kildare granite is more variable, as the 
monuments are generally constructed of glacial erratics originating from the Wicklow mountains to 
the east (Wilkinson 1845, Pavía and Bolton 2001). Varieties of granite range from coarse-grained 
porphyritic granite with feldspar phenocrysts to equigranular fine-grained granites. Medium- to 
coarse-grained granite blocks tend to be heavily weathered, showing strong granular 
disintegration, partial iron staining, heavy flaking and scaling, with microscopic weathering of 
feldspar to clay minerals, delamination and oxidation of mica.  
 
7.3.2.2 Galway (Carna and Omey) Granite: Characterisation and Typical Decay Forms. The 
Galway granite comprises a number of distinct types, of which two were examined – the Omey 
Granite and the Carna Granite. The latter is a fine-grained light-grey to pink granite, previously 
classified as a granodiorite consisting of plagioclase feldspar, quartz and mafic [magnesium and 
iron-rich] minerals including biotite mica, sphene (titanite), hornblende and magnetite [an ore of 
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iron]. The pinkish colour to some of the granite probably originates from the kaolinisation of 
feldspar. Microscopic weathering of the Carna Granite includes weathering of the feldspar by 
kaolinisation, weathering of mica, oxidation and alteration of biotite to chlorite. The coarse-grained 
Omey Granite is a pink, porphyritic, medium to coarse grained adamellite containing abundant K-
feldspar and plagioclase (70%), quartz (20-30%) and mafic minerals (less than 5%, including 
biotite and sporadic hornblende). It contains accessory minerals such as magnetite and rutile. The 
biotite mica has developed strong chloritization. The samples taken from rock outcrops were 
heavily weathered, showing microscopic weathering in the form of intense sericitization of feldspar, 
chloritization of biotite, oxidation (brown staining or discolouration of the stone due to mineral 
alteration) and extensive micro-fracturing.  
 
7.3.2.3 Wexford [Carnsore] Granite: Characterisation and Typical Decay Forms. Carnsore 
Granite originates from the Ordovician-early Silurian intrusions of the south-east of Ireland range 
from 450-500 million years ago, and are therefore older than the Leinster granite (Shannon 1979, 
Tietzsh-Tyler & Sleeman 1994). This granite comprises pink fine- to coarse-grained and 
porphyroblastic granite/adamellite which includes feldspar phenocrysts up to 27 mm in maximum 
dimension and plagioclase megacrysts in a finer grained groundmass. The stone typically consists 
of feldspar (75%), quartz (20%), biotite (3-5%), and accessory sphene (apatite and opaques), rutile 
and magnetite. The biotite is often chloritized, and strong sericitization of plagioclase and formation 
of secondary muscovite can be observed in thin section. Different sub-varieties of the Carnsore 
granite may be found within a single monument. For example, a grey fine-grained granite was used 
for windows and a fireplace at Rathshillane Castle, Co. Wexford  while a coarse-grained porphyritic 
granite was used for general building work, quoins and door jambs (Pavía and Bolton 2001).  
 
7.3.2.4 Key Macroscopic and Microscopic Decay Forms Found through Petrographic 
Analysis: The macroscopic or visual assessment of the building surfaces of the thirteen 
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monuments selected for sampling showed predominantly granular disintegration and biological 
colonisation as the key weathering forms (Table 7.4). To a lesser extent, scaling, oxidation and 
dissolution were found. Samples were taken from stone surfaces showing granular disintegration 
or scaling, and prepared for thin section analysis (see Appendix III for methodological details). 
Under the petrographic microscope, weathering tended to favour the weaker elements of the 
granite matrix, notably alteration of feldspar and mica, with delamination of mica flakes and 
oxidation. Micro-fracturing was not common, found only to on severely weathered stones at three 
sites (Goreen Church, Galway; Our Lady’s Island Tower House, Wexford; and Fassaroe Castle, 
Wicklow).  
 Macroscopic Microscopic 
Most Severe Observed Decay • Granular Disintegration (G) 
• Biological Colonisation (B) 
• Alteration of Feldspar (aF) 
• Alteration of Mica (aM) 
Other Decay Forms • Scaling (S) 
• Surface Roughening (R) 
• Fracturing (F) 
• Oxidation (O) 
• Micro-fracturing (MF) 
• Oxidation (O) 
No. Monument Macroscopic Decay Microscopic Decay 
Form Severity Form Severity 
14. Kilternan Church (G), (B) Mild-Strong (aF), (aM) Mild 
15. Kilternan Portal Tomb (B), (S), (F), (R) Mild (aF) Mild 
16. Goreen Church (G), (F), (S), (O) Strong (aF), (aM), (MF) Strong 
17. St. MacDara’s Church (O), (G) Mild (aF), (aM), (O) Mild 
18. Lady’s Island Church (B), (G) Mild (aF) Mild 
19. Lady’s Island Mural Tower (G), (R), (S), (B) Mild (aF) Mild 
20. Lady’s Island Tower House (G), (S) Mild (aM), (aF) Mild 
21. Rathshillane Castle (G), (O), (B) Mild (aF), (O), (aM) Mild 
22. St. Margaret’s Church (B), (G) Mild-Strong (aF), (aM) Mild 
23. Fassaroe Castle (O),(B),(F),(S),(G) Mild (O), (aF), (aM) Mild 
24. Old Conna Church (G), (O), (F), (B) Mild-Strong (aF), (aM) Mild-Strong 
25. Oldcourt Castle (G), (O), (D) Mild (aF), (O) Mild 
26. St. Crispin’s Cell (G),(F),(O),(S),(B) Mild-Strong (aF), (O) Mild-Strong 
Table 7.4: Key Macro- and Microscopic Decay Forms Noted During the Petrographic Analysis. 
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7.3.3 Significance of the Petrographic Analysis Results  
 
All the granites evaluated shared some weathering characteristics. The key macro-scopic decay 
forms were granular disintegration and biological colonisation, with lesser amounts of oxidation, 
scaling and dissolution. Microscopic weathering forms focused on alterations to the weaker 
feldspar and mica components (Fig. 7.1). These decay forms are common physical expressions of 
a number of deterioration processes including water-based dissolution and salt-related decay 
processes. Overall, the level of deterioration found to all granites is consistent with that observed 
using visual assessment methods shown in Chapter 6. Micro-fracturing was noted to the three 
monuments showing the most severe macroscopic decay. However, even here the level of stone 
loss and overall poor stone condition is not comparable with the reported norm of mainland Europe 
(discussed in Section 6.3.5-6.5.7). The few well-developed decay forms found in coastal and 
unpolluted inland environments in the case studies can be contrasted with the often poor surface 
condition of granite found at historic building surfaces in urban centres such as Dublin city (Pavía 
et al 1996) where scaling, flaking and granular disintegration associated with the presence of 
gypsum and other salts is a widespread occurrence on building stones across entire building 
elevations. The relevance of this issue to the current study will be discussed in greater detail 
through a case study in Section 7.7. The presence of these salts is normally accompanied by 
severe surface recession of stone surfaces, especially on stone surfaces sheltered from direct 
rainfall. These building surfaces, where salts are known to be present, exhibit similar decay forms 
and similar severities of decay to those reported in previous studies across Europe. The key finding 
of the petrography is a relatively low level of deterioration to granites found in coastal environments 
– a finding which contrasts strongly with the significant salt-related decay normally found in Irish 
urban centres (see Section 7.7: Case Study) and in urban, coastal and unpolluted inland 
environments elsewhere in Europe.  
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Fig. 7.1:  Key Decay Forms Noted Showing Macroscopic: Granular Disintegration, Biological Colonisation and Scaling 
the most prevalent forms; Microscopic: alteration of feldspar and mica three times as frequent as micro-fracturing. 
 
However, in Ireland, outside of urban environments, granite stone surfaces do not show these 
severe weathering forms and stone deterioration at any significant level. Deterioration is confined 
to the surface of the stones, with loss of some individual grains (granular disintegration) and 
discolouration (brown staining/oxidation) being the most common forms of surface alteration or 
deterioration. The stone surfaces are generally sound showing relatively poorly developed decay 
forms (Table 7.4). This contrasts strongly with the severe and widespread occurrence of salt-
related decay common to coastal environments elsewhere in Europe (as previously discussed in 
Section 6.3.5). The question then arises as to why this should be the case. Granites are a well-
understood petrological group, and the petrographic assessment of Irish granites does not show 
any significant petrological features of Irish granites (such as composition, texture or porosity) 
which would suggest that Irish granites are not inherently more durable than their European 
counterparts. There must therefore be another factor, either within the surrounding environment or 
some other external factor. The key external factors noted in previous studies have been the 
presence and action of salts (see Section 6.3.4).  
 
7.4 Ion Chromatography Analysis  
 
The research then further focused on determining which, if any, salts are found on historic granite 
stone surfaces through electron microscopy and geochemical methods. In this study, the purpose 
of ion chromatography is to investigate the presence and type[s] of salts of marine origin which 
343 
 
may be located on granitic rock surfaces showing granular disintegration and scaling - the two 
most commonly occurring decay forms on granitic rock (Delgado-Rodriguez 1996, Pavía & Bolton 
2001, discussed in Section 6.3.3). Sodium chloride (NaCl) is the most commonly occurring salt of 
marine origin, and has been shown in the literature review to be linked to the deterioration of 
coastal granitic monuments (see Section 6.3.4). Samples of areas showing granular disintegration 
and scaling from eight monuments were analysed for the presence of, type of, and the amount of 
salt[s] found (Table 7.5). Ion chromatography (carried out in the State Laboratory under the 
direction of Mr Joe Foley) determines if Na and Cl ions can be detected. Samples were tested from 
decaying stone surfaces from landward and seaward facing elevations of each of the monuments. 
In addition, four of the monuments (Bray Railway Bridge, St. Crispin’s Cell and Oldcourt Castle in 
Co. Wicklow, and Bagnelstown Courthouse, Co. Carlow)  functioned as a transect extending from 
the inter-tidal zone, and with increasing distance from the sea until reaching an unpolluted inland 
environment. All values were compared against Na and Cl levels which would be found in 
freshwater.  
 No Site Electron 
Microscopy 
Ion 
Chromatography 
Sample Location * 
1. Ballemicro Castle, Co. Galway Yes Yes Littoral & Supra-littoral 
2. Rossaveal Field System, Co. Galway Yes Yes Littoral, Supra-littoral & 
Inland 
3. Booterstown Martello Tower, Co. Dublin Yes Yes Littoral & Supra-littoral 
4. Seapoint Martello Tower, Co. Dublin Yes Yes Littoral & Supra-littoral 
5. Bray Railway Bridge, Co. Wicklow Yes Yes Littoral & Supra-littoral 
6. Bray Railway Embankment, Co. Wicklow Yes No Littoral & Supra-littoral 
7. Bray Gate Lodge, Co. Wicklow Yes No Supra-littoral 
8. Saint Crispins Cell, Co. Wicklow Yes Yes Inland 
9. Oldcourt Castle, Co. Wicklow Yes Yes Inland 
10. Bagnelstown Courthouse, Co. Carlow Yes Yes Inland 
11. West Pier, Dun Laoghaire, Co. Dublin Yes No Sub-Supra Littoral 
Table 7.5: Details of Sampling Undertaken for Electron Microscopy and Ion Chromatography. * All Samples were obtained 
at Ground Level. 
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7.4.1 Results of the Ion Chromatography  
 
There is no existing baseline data indicating how much, if any, NaCl should be found on a rock 
surface in Ireland. Salts of marine origin have not been considered in recent environmental quality 
overview reports (McGettigan 2000, McGettigan & Delaney 2004). The test results (Table 7.6) 
were compared against the typical composition of freshwater (based on the value from currently 
available Irish drinking waters which has an average value for sodium of 21.48 Mg/L, and chorine  
of 27.58 Mg/L)  to determine the significance of the salt values obtained.  
No. Monument Sample Location Sample 
Code 
Sodium Deviation 
from 
Average * 
Chlorine Deviation 
from 
Average ** 
1. Ballemicro Castle, 
Galway 
Above HWM – 1.0 m B 1 57 + 36 45 + 17 
At HWM B 3 162 + 141 120 + 92 
At HWM B 5 151 + 120 90 + 62 
Above HWM – 0.5 m B 5b 100 + 79 85 + 57 
2. Rossaveal Field 
System, Galway 
Above HWM seaward R 3 63 + 42 47 + 19 
Above HWM landward R 3 75 + 54 47 + 19 
600 m from HWM R 6 20 - 1 39 + 11 
600 m from HWM R6 - B 17 - 4 38 + 10 
300 m from HWM R 10 25 + 4 35 + 7 
300 m from HWM R 11 27 + 6 35 + 7 
3. Booterstown Martello 
Tower, Dublin 
Below HWM BOOT 1 846 + 825 1239 + 1211 
Above HWM – 0.5 m BOOT 5 375 + 354 510 + 482 
Above HWM – 2.0 m BOOT 6 301 + 280 367 + 339 
Below HWM BOOT 7 1061 + 1040 1542 + 1514 
4. Seapoint Martello 
Tower, Dublin 
Below HWM SEA 1 1417 + 1397 1997 + 1969 
Above HWM – 2.0 m SEA 3 378 + 357 487 + 459 
Below HWM SEA 4 1184 + 1163 1424 + 1396 
Above HWM – 0.5 m SEA 5 334 + 313 260 + 222 
5. Bray Railway Bridge, 
Wicklow 
Below HWM BRID 1 463 + 442 582 + 556 
Below HWM BRID 3 411 + 390 600 + 572 
Above HWM  BRID 6 327 + 306 462 + 434 
Above HWM  BRID 9 237 + 206 298 + 270 
Above HWM BRID 10 254 + 233 282 + 254 
Above HWM BRID 11 263 + 242 172 + 144 
Below HWM BRID 12 1099 + 1078 1636 + 1608 
Below HWM BRID 13 489 + 468 705 + 677 
Below HWM BRID 14 420 + 399 762 + 734 
6. Oldcourt Castle, 
Wicklow 
Inland landward – 1500 m OC 1 40 + 19 60 + 32 
Inland seaward – 500 m OC 2 171 + 150 284 + 256 
7. Saint Crispins Cell, 
Wicklow 
300 m from HWM seaward SCC 1 147 + 126 270 + 242 
300m from HMW landward SCC 4 151 + 130 284 + 256 
8. Bagnelstown 
Courthouse, Carlow 
Inland BAGN 1 14 - 7 31 + 3 
Inland  BAGN 2 9 - 12 24 - 4 
Table 7.6: Results of Ion Chromatography Analysis. * Sodium Average Value = 21.48 [Rounded to 21]. ** Chlorine Average 
Value = 27.58 [rounded to 28]. All Values Given as Mg/L. *** HWM = High Water Mark. 
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Fig. 7.2: Details of Average Cl Levels Detected on Granite Stone Surfaces along a Transect Extending from Below 
HWM at the Ruined Railway Bridge, Bray, Co. Wicklow to 70 km Inland at Bagnelstown, Co. Carlow. 
 
7.4.2 Significance of the Ion Chromatography Results  
 
The ion chromatography analysis indicates a number of key points. Of primary importance is that 
salts of marine origin were detected on granitic rock surfaces showing granular disintegration and 
scaling at all sites, located in both coastal and unpolluted inland environments. The highest salt 
levels are found below the high water mark in the inter-tidal zone (Fig. 7.2) at Seapoint and 
Booterstown Martello Towers, Co. Dublin, and at Bray Railway Bridge, Co. Wicklow, with salt levels 
gradually decreasing as distance from the shore increases until by Bagnelstown, Co. Carlow, Cl 
levels are at a level comparable to that found in freshwater. A similar decrease in salt levels 
corresponding to decreasing proximity to the high water mark was recorded to two transects at 
Rossaveal, Co. Carlow (Table 7.6) , corresponding with the conceptual model of salt deposition 
and proximity to the coast shown by Silva et al (2002). 
 
However, there are a number of anomalies. There are significant variations in salt levels detected 
on the east and west coasts of Ireland. The west coast examples at Ballemicro and Rossaveal, Co. 
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Galway recorded only marginal salt levels, considerably below the levels recorded for granite stone 
surfaces in counties Dublin and Wicklow (Table 7.6). The salt levels at Ballemicro Castle, located 
at the high water mark in Galway Bay shows values comparable with Oldcourt Castle and Saint 
Crispins Cell, Co. Wicklow – though these sites are located much further from the high water mark. 
Further, both landward and seaward wall faces at the high water mark at Rossaveal record very 
similar values for the presence of salt while there is significant variation in salt levels to different 
elevations at Oldcourt Castle (Table 7.6 above). However, 600 metres landward of the shoreline, 
all traces of salts of marine origin are lost from the surface of the stone, and the values returned 
are less than those normally encountered in freshwater (Table 7.6). Given the high frequency and 
intensity of precipitation events on the west coast of Ireland (Wood & Hoagland-Grey 1996) it is 
reasonable to suggest that any salts which may have been deposited here have been washed 
away by natural rainfall. 
 
In conclusion, the ion chromatography analysis suggests that salts of marine origin may be found 
to both coastal and unpolluted inland environments in Ireland. However, the level of salt deposition 
decreases with increasing distance from the high water mark, as noted in previous studies on 
mainland Europe (Silva et al 2002). The highest values for salts were found on elements of 
monuments located either at the high water mark or partially submerged. However, high salt levels 
in these areas was not reflected by an increasing occurrence or severity of scaling, granular 
disintegration or other decay forms in these areas. Conversely, stone surfaces in these areas 
tended to appear reasonably sound on close visual inspection with no obvious signs of weakness, 
though showing signs of surface recession. There is also a slight anomaly in that the two 
monuments on the west coast (Ballemicro Castle and Rossaveal Field System, Co. Galway) exhibit 
significantly lesser values for salt than their east coast counterparts, but show similar weathering 
forms and severities of decay. There is therefore a need to examine these stone surfaces in 
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greater detail, using electron microscopy, to evaluate the condition of the microscopic stone 
surface, confirming the presence of salt and understanding the microscopic decay processes 
affecting the stone. 
 
7.5 Electron Microscopy 
 
The purpose of the electron microscopy in this study is to investigate the presence of salts of 
marine origin or any other significant features detectable on granitic stone samples obtained from 
coastal and unpolluted inland sites in the Republic of Ireland. Coastal samples included stone 
fragments from archaeological monuments located on the east and west coasts of Ireland, 
obtained from zones which were fully submerged, inter-tidal, within the spray zone, and within 300 
metres of the high water mark. These samples were prepared for electron microscopy analysis and 
were analysed with a Scanning Electron Microscope (SEM) incorporating an EDS (Energy 
Dispersive X- Ray Analysis) attachment. The SEM has a greater resolution than the petrographic 
microscope, and the EDS attachment allowed chemical analysis of salts. Electron Microscopy was 
carried out in Trinity College Dublin with the assistance of the Electron Microscopy Unit. The 
samples were drawn from archaeological monuments previously evaluated using visual 
assessment methods (see Chapter 6) and sorted into three groups (Table 7.7), each aligned along 
a transect of increasing distance from the sea. 
NO. MONUMENTS PURPOSE RESULTS 
1. Rossaveal Field System, 
Galway 
Ballemicro Castle, 
Galway 
Monuments located on a horizontal transect with 
increasing distance from the shore on the west coast 
of Ireland. 
 
Table 7.8 
2. Bray Railway Bridge 
Saint Crispin’s Cell 
Oldcourt Castle 
Bagnelstown Courthouse 
Monuments located on a horizontal transect with 
increasing distance from the shore on the east coast 
of Ireland. 
Table 7.9 
3. Bray Railway Bridge Horizontal transect extending from sub-tidal to inter-
tidal to supra-tidal to ground level to 1 metre height 
to 2 metres height to granite stone surfaces to note 
any variations in salt levels within a single site. 
Table 7.10 
Table 7.7: Sample Selection Criteria and Research Objectives of Electron Microscopy Analyses. 
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Each analysis consisted of two parts. Firstly, scanning electron microscopy was used to evaluate 
the condition of the deteriorating stone surfaces under very high magnification, and the presence of 
any salt crystals or other matter which could contribute to stone decay. Secondly, XRD analysis 
was carried out simultaneously to determine the mineral composition of the stone surface – a 
process which should identify any salts of marine origin which may be present.  
 
7.5.1 Results of the Analysis 
 
 
7.5.1.1 Horizontal Transects extending from the Underwater Zone, Inland 
 
 
Three horizontal transects of granitic stone monuments were sampled in order to investigate the 
presence of salts of marine origin on building stone surfaces located at, and with increasing 
distance from the coast. The first transect was formed by a series of field walls found at Rossaveal, 
Co. Galway (Fig.7.3), with a further coastal site at Ballemicro Castle, Co. Galway (Section 4.5.7) 
acting as a comparison. In the majority of sites examined for petrography, XRF analysis etc, sites 
were selected according to increasing distance from shore, although the sites were not usually 
aligned on a straight transect. For the purposes of the analysis at Rossaveal, the transects were 
aligned with the prevailing winds (as illustrated in Fig. 7.3). Six field walls were selected in two 
transects aligned south-west to north-east, to correspond with the direction of the prevailing winds. 
The walls were generally in good condition with few deteriorating stone surfaces. Deterioration, 
where found, tended to be in the form of granular disintegration. Therefore, samples were taken 
from the landward and the seaward sides of the dry-stone rubble walls from areas showing such 
decay.  The samples were examined under the electron microscope for the presence of salts or 
any other deposits which may be associated with granular disintegration. Results are given in 
Table 7.8. 
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Fig. 7.3: Transects Aligned South-West to North-East [Alignment of the Prevailing Winds] and Location of Sampling 
Sites of Granitic Stone Field Walls at Rossaveal, Co. Galway. Scale Width of Map: 3.5 km. 
 
No. Sample Location Sample 
Code 
Presence 
of Salt 
Presence of organic 
material 
Notes 
1 Adjacent to Martello, At High 
Water Mark, Seaward-Facing 
R 1 No Yes No salts recorded 
2 Adjacent to Martello, At High 
Water Mark, Landward-Facing 
R 2 No Yes No salts recorded 
3 c. 50 metres NW of Martello, 
Seaward-facing 
R 3 No No No salts recorded 
4 c. 50 metres NW of Martello, 
Landward-facing 
R 4 No Yes No salts recorded 
5 At High Water Mark, south of 
Navigational Light, Seaward-
facing. 
R 5 Yes Yes Traces of calcium  
6 At High Water Mark, south of 
Navigational Light, Landward-
facing. 
R 6 No Yes No salts recorded 
7 c. 50 metres NW of High Water 
Mark at R6, Seaward-facing 
R 7 No Yes No salts recorded 
8 c. 50 metres NW of High Water 
Mark at R6, Landward-facing 
R 8 No Yes No salts recorded 
9 c. 100 metres NW of High Water 
Mark at R6, Seaward-facing 
R 9 No Yes No salts recorded 
10 c. 100 metres NW of High Water 
Mark at R6, Landward-facing 
R 10 No Yes No salts recorded 
11 c. 200 metres NW of High Water 
Mark at R6, Seaward-facing 
R 11 No Yes No salts recorded 
12 c. 200 metres NW of High Water 
Mark at R6, Landward-facing 
R 12 No Yes No salts recorded 
13 Ballemicro Castle, Co. Galway. At 
High water Mark. 
B 4 Yes Yes Minor traces of 
sodium chloride and 
lichen. 
Table 7.8: Key Findings of Electron Microscopy at Rossaveal Field System, Co. Galway.  
350 
 
 
A horizontal transect was also examined on the east coast of Ireland (Table 7.9), thus providing a 
comparison between findings on the east and the west coasts. 
No. Sample Location Sample 
Code 
Presence 
of Salt 
Presence 
of organic 
material 
Notes 
1 Bray Railway Bridge, Co. 
Wicklow. Below High Water 
Mark. 
BRID 2 Yes Yes Sulphur and chlorine detected. Mini-
bryozoans also noted. 
2 Bray Railway Bridge, Co. 
Wicklow. Below High Water 
Mark. 
BRID 8 Yes Yes Strong presence of salt crystals – 
sodium and chloride.  
3 Bray Railway Bridge, Co. 
Wicklow. At High Water 
Mark. 
BRID 7 Yes Yes Strong Indications of Sodium chloride 
salt crystals detected.  
4 Booterstown Martello Tower, 
Co. Dublin 
BOOT 2 Yes Yes Sodium chloride salts covering feldspar. 
Minor traces of chloride & magnesium 
5 Booterstown Martello Tower, 
Co. Dublin 
BOOT 4 Yes Yes  Sodium chloride detected. Minor traces 
of magnesium. 
6 Saint Crispins Cell, Co. 
Wicklow. Seaward-facing. 
SCC 2 Yes Yes Traces of sodium and chloride 
7 Saint Crispins Cell, Co. 
Wicklow. Landward-facing. 
SCC 3 Yes Yes Traces of sodium and chloride 
8 Oldcourt Castle, Co. 
Wicklow. Inland Site. 
OCC 1 No No Relatively clean stone surface 
9 Bagnelstown, Co. Carlow. 
Inland Site. 
BAGN 1 No No Relatively clean stone surface 
Table 7.9: Key Findings of Electron Microscopy to Granitic Stone Monuments on the East Coast of Ireland Located on 
a Horizontal Transect with Increasing Distance from the Shore. 
 
A further transect was taken from the Railway Bridge at Bray, Co. Wicklow and extending from the 
underwater zone, through the inter-tidal and surf zones and vertically up the face of the railway 
bridge structure. Results are shown in Table 7.10. 
 
No
. 
Sample Location Sample 
Code 
Presence 
of Salt 
Presence 
of organic 
material 
Notes 
1 Bray Sub-tidal A15 No No Granite sample in good condition 
showing some micro-cracking 
2 Bray Inter-tidal A16 No No Trace Na and Fe [possibly weathering 
minerals] 
3 Bray Supra-tidal A17 Yes Yes NaCl traces. Fe also present. 
4 Bray Ground Level A17a No No Clean granite surface 
5 Bray 1 m height A18 
A19 
Yes 
Yes 
Yes 
Yes 
NaCl traces. 
NaCl traces. 
6 Bray 2 m height A20 Yes  NaCl traces and micro-fracturing 
Table 7.10: Electron Microscopy Analysis of a Sample Transect Extending from Underwater to 2 Metres Above Ground Level 
at the West Pier, Dun Laoighaire Harbour, Co. Dublin and the Railway Bridge, Bray, Co. Wicklow. 
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7.5.1.2 Electron Microscopy Imagery of Key Microscopic Decay Features 
 
  
Fig 7.4: SEM image showing organic growth below 
the high water mark of the West Pier, Dun 
Laoghaire, Co. Dublin. 
7.5: Traces of NaCl detected to a weathered granite surface in the 
supra-tidal zone. West Pier, Dun Laoghaire, Co. Dublin. 
 
  
Fig. 7.6: Micro-fracturing and NaCl detected to a 
granite surface 2 metres above ground level, North 
Strand, Bray. 
Fig. 7.7: XRD showing NaCl detected to a granite surface 2 metres 
above ground level, North Strand, Bray. 
 
Fig. 7.8: Biological Colonisation [bryozoans] noted to 
sub-tidal granite surface from the West Pier, Dun 
Laoghaire Harbour. 
Fig. 7.9: XRD graph showing NaCl, sulphur [S] to the sub-tidal 
granite surface showing intense biological colonisation. West Pier, 
Dun Laoghaire, Co. Dublin. 
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7.5.2 Significance of the Results of the Electron Microscopy 
ervations were noted during the microscopic evaluation and analyses of the 
les ). 
 
A number of key obs
samp (Table 7.11
NO. FINDING. 
1.  
mponents of the grantic rock with no observable anomalies indicating a relatively clean 
The analyses could find no observable salt crystals in the samples from Rossaveal although located in a 
transect from the high water mark to c.300 metres from the sea. All areas analysed tended to be dominated 
by the siliceous co
“washed” surface. 
2.  
nents of the 
At Ballemicro, minor occurrences of salts were noted in samples from the high water mark. However, these 
were not noted in abundance, and most areas examined were dominated by the siliceous compo
grantic rock with no observable anomalies indicating a relatively clean “washed” surface. 
3.  bserved to samples to supra-tidal areas which could be linked There was no significant occurrences of salts o
with the deterioration of granitic rock surfaces. 
4.  . However, Salts were a common occurrence in inter-tidal and underwater areas of the monuments only
though salts were present, no salt crystals were observed implying salts were present in solution. 
5.  
tone suggest this may be a much more significant factor in deterioration processes than salt 
In underwater areas, observations of intense biological colonisation from marine organisms coating the 
surface of the s
crystallisation. 
Table 7.11: Key Findings of the Electron Microscopy. 
 
The electron microscopy noted very few salt crystals. Previous authors (see Section 6.3.4) have 
noted that it is the cyclical processes of crystallisation and recrystallisation of salts which have the 
most damaging effect on stones. Salt crystals were detected in samples obtained from the sub-tidal 
and inter-tidal areas. However, these samples were obtained from wet environments and were not 
washed, but allowed to dry naturally in laboratory conditions. The samples obtained above the high 
water mark were obtained from a dry environment, but may have been exposed to recent 
precipitation events prior to sampling. Salts of marine origin are present at very low levels in areas 
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above the high water mark, but do not seem to be accruing to damaging levels. Given the small 
population size available for electron microscopy, it was considered necessary to undertake a more 
widespread study of granite stone surfaces in situ in order to better understand the presence and 
significance of salts of marine origin. Field-based XRF analysis was to be used for this phase of the 
tudy (Section 7.6). 
.6 XRF Analysis 
, or particular architectural features may be more susceptible to salt 
eposition or retention. 
two datum points – pure sea salt crystals, and a stone sample from Venice, Italy showing scaling 
s
 
7
 
The technique of XRF analysis was selected to examine the type and amount of salt found in situ 
on archaeological stone monuments, and built on the results obtained through the detailed 
examination of stone samples examined through petrography (Section 7.3), ion chromatography 
(Section 7.4) and scanning electron microscopy (Section 7.5). However, the XRF analysis allowed 
in situ evaluation; allowing an understanding of where salts occurred in the building, and whether 
some elevations, areas
d
 
XRF analysis investigated the presence of salts of marine origin on a sample population of 39 
archaeological monuments and quarry sites. These comprised 206 analysed stone surfaces, 
originating from either a coastal and unpolluted inland environment (see methodology in Appendix 
III). The analyses were carried out using a ‘Niton’ portable XRF, courtesy of the Geological Survey 
of Ireland. The sample locations comprised horizontal transects ranging from sub-tidal through 
inter-tidal zones to the high water mark, into the supra-tidal and then sites at increasing distance 
from the sea. Vertical transects of individual building walls comprising landward and seaward 
elevations investigated possible vertical zonation of salt deposition on a stone wall surface, 
following the findings of Arnold and Zehnder (1989).  Detected salt levels were compared against 
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and salt efloresence arising from the crystallisation of salts of marine origin. The specific tasks of 
the XRF analysis were to: 
• Determine if salts of marine origin were present at the granite monuments. 
• Determine if salt levels changed as distance from the sea increased. 
• Determine if salt levels changed as height above ground level increased. 
• Determine if salt levels changed according to the orientation of the wall surface by 
analysing landward & seaward elevations of a monument. 
 
7.6.1 Results of the XRF Analysis 
 
Chlorine, the key salt of marine origin, was detected on all stone surfaces. However, the average 
salt level found on granite samples in this study was less than half that of the average salt levels 
found on Italian stone scales sampled from Venice, where salt-related deterioration is a significant 
causal factor in stone decay (Zezza 2003), as shown in Figs. 7.10 & 7.11. Further, the highest salt 
levels detected on Irish granite monuments consistently falls below the average found in Venetian 
samples, except for a single example in the inter-tidal area of Dun Laoghaire Coal Pier (Table 7.12 
and Appendix III), and significantly below the highest Venetian salt levels. The average salt levels 
on Irish granite monuments of 4744 ppm is only a small fraction (4.88%) of the control sample of 
pure sea salt crystals.  
Location of Sample Cl [ppm] 
Control – pure sea salt crystals 
 
Average - Salt Levels found in Venice 
122,382.94 
 
10,357.405 
Average Salt Level from Irish Granite Samples 4743.839 
 
Average Salt Levels - Intertidal Area 4848.2109 
Average Salt Levels - High Water Mark 4674.761 
Average Salt Levels - Ground Level 3665.0431 
Average Salt Level - 1 metre height 4116.8556 
Average Salt Level - 2 m height 3942.1274 
Average Salt Levels - 3 m height 4077.1362 
Table 7.12: Average Salt [Cl] Levels Detected on Irish Granite Surface Compared with Salt Levels Found on Stone 
Surfaces from Venice, Italy and ‘Control’ of NaCL crystals. 
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In general, there is relatively little variation in salt levels found throughout the entire sample 
population regardless of location or orientation (Fig 7.11), with levels ranging from a peak of 13000 
ppm Cl in the inter-tidal area of the Coal Pier at Dun Laoghaire harbour, Co. Dublin, to <2000 ppm 
Cl where the lower limit of the level of detection was reached (Table 7.13). Full details of the results 
of the XRF analysis can be found in Appendix III. There was a detectable decrease in salt levels as 
sampling progressed from the sub-tidal through inter-tidal to the high water mark and vertically and 
horizontally from the sea – a finding also noted in the ion chromatography (Section 7.4) and 
electron microscopy (Section 7.5). There was a common tendency for a slight salt peak to be found 
at the 1 metre level, regardless of orientation, and salt levels tended to be greater on the landward 
elevations of all monuments, regardless of vertical height. However, there was no corresponding 
greater tendency for stone deterioration at the 1 metre level. 
 
Certain building features were observed to be susceptible to relatively more well-developed 
weathering forms which corresponded with greater levels of detected Cl. These were the lower 
jambs, cills, a piscina, and horizontal sheltered stone surfaces at Kill Abbey, Co. Dublin and Old 
Conna Church, Co. Wicklow. The slightly greater levels of salts of marine origin in these areas 
could arise from a number of scenarios including salt-laden moisture percolating through the ruined 
masonry structure from the exposed wall top, the pooling of evaporating moisture on horizontal 
surfaces, the high surface areas of these particular stones, the potential tendency for “weaker” or 
less durable stones to be chosen by the original masons for these features, and the potential for 
“weakening” of the stone surface through the physical stress of cutting and dressing when first 
erected.  
 Fig. 7.10: Results of XRF Analyses showing Levels of CL Detected to Granite Samples from Stone Monuments in South Dublin with a Sea Salt ‘Control’, and a Stone Flake from Venice, Italy which 
Failed Due to Salt Weathering Processes (Labelled ‘Istrian Stone Venice 3’’). Note that Cl levels are Consistently Less than the Istrian Sample and Significantly Below a ‘Control’ of NaCl. Full 
results are Found in Appendix VIII. 
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No. Site Location Findings 
1.  Booterstown Martello Tower Coastal Salt Levels ↑ as vertical height ↑ 
2.  Booterstown Sea Wall  Coastal Salt Levels ↓as vertical height ↑ 
3.  Seapoint Landing Place Coastal Salt Levels ↓as distance from sea ↑ 
Salt Levels ↓as vertical height ↑ 
4.  Seapoint Martello Bedrock Coastal Salt Levels ↓as distance from sea ↑ 
Salt Levels ↓as vertical height ↑ 
5.  Seapoint Martello Tower seaward Coastal Salt Levels ↓as distance from sea ↑ 
Salt Levels ↓as vertical height ↑ 
Slightly greater values at 1m height 
6.  Seapoint Martello Tower landward Coastal Salt Levels ↓as distance from sea ↑ 
Salt Levels ↓as vertical height ↑ 
Slightly greater values at 1m height 
7.  Dun Laoghaire Harbour, Coal Pier Coastal Salt Levels ↓as distance from sea ↑ 
Salt Levels ↓as vertical height ↑ 
Peak to an active scale at 2m height 
8.  Dun Laoghaire Harbour, West Pier Coastal Salt levels consistent to all levels, with no significant 
peaks 
9.  Sandycove Battery Coastal Salt Levels ↓as vertical height ↑ 
10.  Sandycove Harbour Coastal Salt Levels ↓as vertical height ↑ 
11.  Sandycove Battery Quarry Coastal Salt levels peak at 1m height, then taper off as distance 
from hwm  ↑ 
12.  Bullock Harbour Coastal Salt Levels ↓as vertical height ↑ 
13.  Ladys Well Quarry Coastal Salt Levels ↓as distance from sea ↑ 
14.  Goat Castle Coastal Salt Levels ↓as vertical height ↑ to landward. Seaward 
shows a dip in salt levels at 2m height 
15.  Dalkey Castle Coastal Salt Levels ↑ as vertical height ↓ to the seaward 
elevation. Landward elevation conforms to the norm. 
16.  Dalkey Quarry Coastal Salt Levels ↓as vertical height ↑ 
17.  Ballybrack Portal Tomb Coastal Seaward: salt levels ↑ with a peak to a fracture on the 
capstone.  
Landward: Salt levels ↑ with vertical height with a dip to 
the sloping capstone surface 
18.  Shankill Cross Coastal Salt Levels ↓as vertical height ↑ to both landward and 
seaward faces 
19.  Old Conna Church Coastal Window jambs show high salt levels throughout, with 
decreased levels to cills. 
Salt levels are concentrated at the 2m level 
20.  North Strand Cottage Coastal Salt levels peak at the 1m mark (above the level of 
corrosion by cobbles) 
21.  North Strand Bridge Coastal Salt Levels ↓as vertical height ↑ 
Salt levels peak at the 1m mark (above the level of 
corrosion by cobbles) to south elevation 
22.  North Strand Railway Embankment Coastal All stone surfaces in inter-tidal area. Highest salt levels 
recorded to horizontal surface at top of wall 
23.  North Strand Inter-tidal cobbles  Salt levels tend to increase from lwm to hwm 
24.  Monkstown Castle Coastal Salt Levels ↓as vertical height ↑ 
25.  Fairy Hill Cross Inland Salt Levels ↓as vertical height ↑  
26.  St. Valerie’s Cross Inland Salts concentrated at 1 m height 
27.  Barnacullia Quarry Inland  
28.  Rathfarnham Castle Inland Salts found to underside of scaling granite 
29.  Rathfarnham Castle Arch Inland Salt Levels ↓as vertical height ↑ 
30.  Ballycorus Quarry Inland Salt Levels ↑ as vertical height ↑ 
31.  Dalkey Quarry Coastal Salt levels highest at base of quarry face 
32.  Istrian Stone, Venice Coastal High Levels of Salt to surface of stone, with high levels of 
salt to underside of scales 
Table 7.13: Summary Observations of the XRF Analysis indicating the Presence of Salts of Marine Origin. 
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7.6.2 Significance of the Results of the XRF Analysis 
 
The XRF analysis was significant as it indicated relatively low levels of salts of marine origin on 
both archaeological stone monuments from both coastal and inland unpolluted environments. 
There was relatively little variation in salt levels detected throughout the entire sample population, 
though a decrease in salt levels was detected in a horizontal transect from sub-tidal to inter-tidal 
and progressively away from the sea. This was a key finding as it indicated that salts do not appear 
to pose a particular threat to any archaeological monument under natural weathering conditions in 
Ireland. This finding was generally consistent with the findings of the ion chromatography (Section 
7.4) and electron microscopy (Section 7.5). Salt levels also tended to decrease with an increase in 
building height, though a slight peak was common at the 1 metre level. The highest salt levels 
tended to occur in the inter-tidal and sub-tidal zones, which was to be expected as this zone shows 
the greatest wetting and drying and the greatest amount of salt action and mobilisation. However, 
in this area the impact of decay processes specific to the coastal edge (Section 4.7.3) far out-
weighted any impact salts of marine origin may have had on a stone surface. The other area 
showing high salt levels were horizontal surfaces and some architectural elements which may trap 
water. However, even in these locations there was no obvious significant correlation between salt 
levels and stone decay, as stone decay forms noted in these areas were generally consistent in 
occurrence and severity to elsewhere on the building.  
 
7.7 Case Study: Salt-related Decay of Granite in an Urban Context 
 
 
The damage recorded to archaeological monuments and the salt levels detected throughout the 
sample population contrast sharply with the dramatic levels of stone surface alteration and 
deterioration investigated in European studies (see Section 6.3.7). However, Irish granite does not 
appear to be inherently more durable than the range of European granites, and is susceptible to 
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salt-related decay. The case study below intends to illustrate the impact of salts on a granite 
surface by evaluation and analysis of a granite building in the urban centre of Dublin City. 
 
7.7.1 Historical Background and Brief Description of  the Urban Case Study Monument 
 
The former Church of Ireland church of St. George was constructed c.1802-1813 by Francis 
Johnston (Casey 2005). The building is located on an island site in the centre of Hardwicke Place 
in Dublin City, set behind iron palisade railings. The building appears as a roughly square granite 
masonry building, with a Portland limestone tetrastyle Ionic portico resting on a granite landing 
approached by a low flight of steps, and a four-stage spire of Portland stone and granite. The 
portico of four Portland stone fluted Ionic columns supports an entablature and pediment; on the 
frieze is a Greek inscription, signifying “Glory to God in the highest”. The granite masonry of the 
building is rusticated at ground level, with ashlar at the first floor and at the plinth level, above a 
Dublin ‘Calp’ limestone basement. Granite has also been used for carved and dressed detail at the 
window and door openings. Portland stone has been used for the frieze and carved detail including 
four keystones at the front and rear entrances of the building, and for the lions’ heads on the eaves 
cornice.  
 
7.7.2 Evaluation of the Stone Masonry through Assessment of Visual Indicators of Decay 
 
Granite, Portland limestone and Dublin ‘Calp’ limestone are the three key building materials found 
to the exterior of the building. The evaluation focused on close visual assessment of the granite 
ashlar, rusticated ashlar and door and window openings at all elevations of the building from 
ground level to the entablature.  
 
The granite masonry shows a number of well-developed decay forms including black crusts to 
sheltered areas, brown staining [mineral alteration] across extensive areas of masonry, granular 
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disintegration, scaling, flaking and blistering of the stone surface. The black crusts are most likely 
to originate from the deposition of airborne pollutants which accumulate in areas not exposed to 
direct rainfall or water run-off (Schiavon et al 2004, Charola et al 2007). A number of potential 
causes could have resulted in the widespread brown staining to the granite. This brown staining is 
also found in the Martello towers at Seapoint, Booterstown, Sandymount and Dalkey Island, Co. 
Dublin (Sections 6.4.2.1-6.4.2.4). The loss of surface material through granular disintegration, 
scaling, flaking and blistering occurs in four distinct areas adjacent to rainwater downpipes 
concealed within the body of the wall, and also in areas adjacent to some window and door 
openings. The severity of the decay suggests the aggressive action of salts. The type of salt was to 
be identified through SEM, XRD and XRF analytical methods. 
 
7.7.3 Electron Microscopy and XRD Analyses of the Building Stone Surfaces 
 
Samples were taken of granite stone surfaces showing active decay forms (blistering, scaling and 
granular disintegration). A programme of in situ XRF analysis was then carried out on the building 
surfaces. The XRF analysis showed significantly greater levels of sulphur (S) in areas showing 
granular disintegration, scaling, flaking and blistering compared with those areas showing a more 
stable stone surface. EM analysis showed that these areas contain high levels of calcium sulphate 
[the salt gypsum], commonly identified as a significant cause for the deterioration of stone surfaces 
in urban environments (Charola et al 2007). A well-developed matrix of lenticular gypsum salt 
crystals could be observed on the granite stone surfaces (Figs 7.14-7.16), and the mineralogical 
composition of these crystals was determined through XRD analysis (Fig. 7.17). 
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Fig. 7.11: St. George’s Church, 
Dublin City Centre. 
Fig. 7.12: North-east corner showing 
brown staining, St. George’s Church. 
Fig. 7.13: Detail showing granular 
disintegration and blistering of the surface 
of the granite, St. George’s Church. 
Fig. 7.14: General View of Gypsum 
Salt Crystals on a Granite Stone 
Surface, St. George’s Church. 
Fig. 7.15: View of the Dense Matrix of 
Salt Crystals Obscuring the Stone 
Surface, St. George’s Church. 
Fig. 7.16: Detail showing Individual 
Salt Crystals, St. George’s Church. 
 
 
Fig. 7.17: XRD Graph showing Ca & S peaks indicating Gypsum from a Blister Sample from St. George’s Church, 
Dublin City.  
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7.7.4 Significance of the Results 
 
The evaluation of granite from a polluted urban environment demonstrates that Irish granites are 
indeed susceptible to severe salt-related deterioration, and that the decay forms and severity of 
deterioration are identical to salt-related deterioration forms reported in Irish and European urban 
environments (Bell et al 1996, Urquhart et al 1996). This ‘normal’ result from an urban context 
highlights the anomalous results from Irish coastal and unpolluted inland environments, as though 
salts of marine origin have been detected, only poorly developed related decay forms are found. 
 
7.8 Discussion  
 
Salts of marine origin are found on granite building stones in Ireland. The electron microscopy, ion 
chromatography and XRF analytical methods consistently indicated the presence of NaCl salts on 
the surface of granitic stone, and to areas of those stone surfaces showing active deterioration 
through granular disintegration and scaling. Salt deposition was highest in sub-tidal and inter-tidal 
areas, as would be expected, with salt levels gradually decreasing with increasing distance from 
the sea until reaching trace levels comparable to those found in groundwater deposits – mirroring 
the findings of previous research into granite decay elsewhere in Europe (as discussed in Section 
6.3.4). Varying intensities of salt deposition were also noted in different areas of building surfaces, 
consistent with European findings (Table 7.14) where salt deposition resulted in bands of damage 
above ground level and at sheltered elevations. Further, Irish granites have been shown to be 
susceptible to salt-related decay with the findings from an urban case study (Section 7.7) 
demonstrating similar deterioration to urban contexts elsewhere in Europe. However, despite these 
correlations with previous European work on granite deterioration, Irish granites from coastal and 
unpolluted inland environments do not exhibit the severe levels of stone decay which would be 
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expected from comparison with previous European studies. Why then do Irish granites in these 
locations survive in such good condition? 
 
ZONES OF DAMAGE: 
FINDINGS IN OTHER EUROPEAN STUDIES 
ZONES OF DAMAGE: 
FINDINGS ON IRISH GRANITE MONUMENTS 
Ground Level Zone: showing permanent humidity 
with no appreciable salt crystallisation. 
Ground Level Zone: Ion chromatography and XRF 
indicated chlorides, with no salt crystallisation noted at 
any site. 
Zone immediately above Ground Level: a band of 
concentrated salt crystallisation occurs (mainly 
sulphates, carbonates and nitrates) showing severe 
granular disintegration and scaling.  
Zone immediately above Ground Level: Ion 
chromatography and XRF indicated higher salt levels in 
this zone, but more severe decay such as granular 
disintegration and scaling was not noted. 
Upper Zone: showing less deterioration (though 
nitrates and chlorides may be detected).  
Upper Zone: Ion chromatography and XRF indicated 
chlorides. Observations noted no significant variation in 
severity of decay to that found in the ‘Zone immediately 
above Ground Level’. 
Table 7.14: Comparison of Findings of Stone Decay and Levels of CL detected to Three Zones of Salt-Related 
Damage to Irish Granite Stone Monuments to Stone Decay in Comparable Granite Stone Surfaces Elsewhere in 
Europe (After Arnold and Zehnder 1989).  
A possible solution to this anomaly can be found by comparing the process of salt-related stone 
deterioration with Irish climatic conditions. The process of damage by salts of marine origin is well 
understood (see synopsis in Section 6.3.4), and occurs as a three-stage process of deposition, 
accumulation on the stone surface, and penetration into the porous network of the stone where 
salts can crystallise and move. Once within the stone, salts may effect a complex series of 
interacting physical, thermal and hydration stresses as the salts crystallise, transforming from a 
liquid to a solid state. Very soluble salts may transform from liquid to solid and back again, in a 
cyclical process that can result in the rapid breakdown of the stone fabric. In the case of granites, 
the porous network, if present, is confined to the surface of the stone, hence salt-related decay of 
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granite results in scaling or granular disintegration of the stone surface and tends not to penetrate 
deeply within the stone.  
 
As Irish granite is susceptible to decay, and salts of marine origin have been shown to be present, 
it is reasonable to suggest that a possible reason why salt-related weathering forms do not develop 
as expected from European studies, is an interruption or deviation in the process of deterioration. 
Salts are depositing on the stone surface and can be detected through a number of analytical 
methods. However, in general, apart from sub-tidal and inter-tidal zones, salt levels were quite low, 
and once greater than one kilometre from the sea, rapidly decreased to the levels found in 
freshwater. Further, at Rossaveal, Co. Galway, all traces of salts had been removed at a distance 
of 600 metres from the high water mark, with levels of Na and Cl detected at a lower level than 
those that would be found in groundwater (Table 7.8).  
 
Salts of marine origin are therefore depositing, but not accumulating on granite stone surfaces, 
thus interrupting the process of salt-related decay, resulting in a lack of severe salt-related stone 
decay forms on historic stone surfaces. The deposited salts are either not adhering well to the 
surface of the granite, or are being removed by some means such as wind, water or anthropogenic 
measures. The low porosity values common to granitic rocks means a well-developed porous 
network is absent from this stone, preventing ‘salt-loading’ of historic masonry as previously 
recorded for other stone types in coastal environments (Smith et al 2004, McCabe et al 2007b). 
Salts in granite are therefore confined to the surface zone. The building stone surfaces examined 
throughout the study did not show any evidence of previous cleaning, therefore anthropogenic 
measures are not responsible for the lack of salt accumulation. However, Irish climatic conditions 
provide an environment with strong winds and more frequent precipitation events than would be 
experienced on the European mainland and the Mediterranean where the majority of previous 
studies have been undertaken. Climatic factors should then be understood as an important variable 
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between stone weathering studies in Ireland and elsewhere. However, while the influence of 
climatic factors and the issues surrounding the transferability of knowledge between different 
countries and areas in Europe were worthy of further useful investigation, the questions raised are 
very complex, and outside the scope of the present study.  
 
The XRF analysis was the most useful technique in understanding the distribution and 
accumulation of salts of marine origin in granitic stone buildings. Though salt levels remained 
consistently low (see Fig. 7.10, Table 7.12 & Appendix VIII), there were a number of identifiable 
trends in the data. Salt levels decrease both with increasing vertical height, and with increasing 
distance from the high water mark – findings which agree with previous authors in the area (e.g. 
Silva 2002). High levels of Cl salts were identified on elements such as cills, or jamb stones which 
are likely exit points for water exiting from a wall fabric – locations were salts could accumulate to 
significant levels.  
 
Salts of marine origin are therefore deposited on historic Irish stone surfaces, and may accumulate 
to significant levels where local conditions allow. These local conditions include a polluted urban 
environment, building elements where salt-laden water may accumulate or exit from the building 
fabric, and the sheltered underside of stones. The majority of granite stone surfaces, when viewed 
in the field and at the extremely high magnifications allowed by EM analysis, show fresh, clean 
stone surfaces without a significant accumulation of salts. The most likely process which could be 
responsible for the ongoing removal of salts of marine origin are cyclical precipitation events in the 
form of natural rainfall. 
 
A case could be made that the building stone surfaces are constantly being washed by rainfall, 
removing deposited soluble salts of marine origin before they can accumulate to damaging levels. 
This would reasonably account for the presence of salts of marine origin in only sheltered areas 
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above the inter-tidal zone. The natural washing of rainfall would effectively ‘clean’ the granite stone 
surfaces of salt, which is a soluble deposit. This would effectively interrupt the deposition-
accumulation-damage cycle common to historic stone surfaces in regions which do not experience 
the high levels of wind and rainfall characteristic of the Irish climate. In contrast, European historic 
stone surfaces typically experience a long, hot summer with infrequent precipitation events, but 
with significant fluctuations in relative humidity (RH). RH fluctuations allow salts contained within 
and on the surface of a building to penetrate the stone, crystallise, re-solubise, and re-crystallise in 
an ongoing cycle which can effectively break down the mineralogical components of a stone. This 
process has been the subject of widespread discussion in the literature (Section 6.3.4), particularly 
in areas where climatic conditions are markedly different to those experienced in Ireland. The data 
gathered through this study, specifically low levels of NaCl and no significant variation between the 
severities of granite stone decay in coastal and unpolluted inland environments, suggests that 
natural rainfall is ‘washing’ salts of marine origin from historic stone surfaces before they can 
accumulate to damaging levels. It is not possible within the confines of the current study to 
undertake the relatively long-term experimental work to further investigate this hypothesis. 
However, the topic is worthy of further research, and could be usefully considered in conjunction 
with issues of pollutant soiling build-up on building surfaces, and the impact of alterations in 
environmental conditions through climate change expected through the twenty-first century. 
 
7.9 Summary 
 
The research used a number of instrumental analytical techniques to investigate the condition of 
historic granite stone surfaces in increasing detail, and determine the presence of salts of marine 
origin. These included petrographic examination (part of which was previously published in Pavía & 
Bolton 2001), Ion chromatography, SEM/XRD and XRF analyses. Granite stone surfaces were 
examined from the east and west coasts of Ireland, ranging from underwater and inter-tidal areas, 
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to stone surfaces located at and above the high water mark and progressively further inland to 
inland unpolluted environments. 
 
All of the granites examined shared some weathering characteristics including key decay forms 
(granular disintegration, scaling, biological colonisation and micro-fracturing). Salts of marine origin 
were found throughout the sample populations, with the highest salt levels detected in sub-tidal 
and inter-tidal areas, with levels decreasing until reaching levels comparable with Cl detected in 
freshwater. The detected salt levels did not reach the levels found in sea salt crystal ‘controls’, or 
on Venetian stone samples of scales arising from salt-related damage. The majority of stone 
surfaces examined through visual assessment and under extremely high magnification during EM 
analysis showed a relatively ‘clean’ and ‘washed’ stone surfaces with no evidence of salt 
crystallisation. Further analysis showed that salts were present, but confined to particular 
environments (e.g. urban polluted) or to particular building elements where the local building-
specific water transport routes could allow salts to accumulate. Even in these areas, salt levels 
remain consistently low, and the stone surfaces did not display the severe weathering reported in 
the literature on comparable coastal monuments elsewhere in Europe. Consideration of Irish 
granite in an urban environment demonstrated that, where suitable salts were present, the stone 
deteriorated in a manner and at a severity consistent with European studies. A hypothesis was 
presented, suggesting that the high levels of wind and precipitation typical of the Irish climate, 
effectively “wash” the stone, removing deposited salts of marine origin before they can accumulate 
to harmful levels. 
8. Synthesis: Conclusions and Recommendations 
 
Nel tempo, e con l' acqua, tutto muta. “In time and with water, everything changes” Leonardo da Vinci, 1452-1519 AD. 
 
8.1  Introduction 
 
The usefulness of the coast and rivers for the exploitation of natural resources, trade and 
communications has resulted in the historic development of towns, villages, individual buildings, 
monuments, structures and complexes along the coastlines of the world. This pattern in historic 
settlement of coastal regions is an international phenomenon which has continued to the present day 
where modern distributions show that approximately 50% of the industrialised world population lives 
within one kilometre of the coast (Viles and Spencer 1995). The legacy of Irish archaeological 
monuments and historic buildings built in stone and found in close proximity to the coast ranges from 
the earliest tombs and ritual complexes to the wealth of medieval towns, fortifications and ecclesiastical 
settlements, through to the increasing diversity of post-medieval and 20th century cultural heritage, much 
of which has been constructed in stone (Lacey 1983, Cuppage 1986, Power 1992, Gosling 1993, 
O’Sullivan & Sheehan 1996, Grogan & Kilfeather 1997, O’Brien & Sweetman 1997, Pavía & Bolton 
2000, Bumbaru et al 2001, Moore 2003). The central research question of this study is an evaluation of 
the vulnerability of these stone monuments to physical decay and deterioration in coastal environments.  
 
The research set out to determine the vulnerabilities of stone monuments along the coast following the 
methodology and conceptual framework set out in Chapter 2. Monuments were examined on the coasts 
of counties Dublin, Wicklow, Wexford, Cork, Kerry, Clare, Galway, Sligo and Donegal. Comparable 
buildings from unpolluted inland environments were examined in counties Dublin, Kildare, Wicklow, 
Carlow, Laois, Wexford and Donegal, with a single comparative case study taken from an urban context 
(Section 7.7). The monuments were evaluated using a specially developed methodology (Pavía & 
Bolton 2001, Bolton 2007) designed to be relevant to the assessment of any stone building or 
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monument, of any period, of any construction, and of any stone type. The methodological approach is 
based on an ever-increasing focus on the central research question: firstly by examining the 
vulnerability of the coastline of a given area; then of the shoreline immediately adjacent to the 
monument; followed by an assessment of the building; leading to identification of key areas of 
vulnerability; and ultimately leading to detailed field and laboratory-based analyses of stone surfaces, 
deposits and decay forms. The results of these analyses and assessments is  considered to determine 
any variations between the types and severities of decay found at monuments in coastal and unpolluted 
inland environments.  
 
The research question arose from an observed gap in the existing body of knowledge, located at the 
convergence of a number of disciplines and fields of enquiry: archaeology, building conservation, stone 
conservation, geomorphological studies of the land/sea interface, and a personal research interest in 
how the aggressive coastal environment of Ireland acts on historical buildings and archaeological 
monuments. There is a substantial amount of literature and knowledge on the conservation of historic 
buildings and monuments and their component materials (Amoroso & Fassina 1983, Bell & Cooper 
1994, Camuffo 1995, Smith & Warke 1996, Zezza 1996c, Weaver 1997, Pavía & Bolton 2000 & 2001, 
Galan & Zezza 2002, Přikryl & Viles 2002, Siegesmund et al 2002, Ashurst 2007, and Section 6.3). 
However, while urban environments have received a great deal of attention in the architectural 
conservation literature, the coast has been seen generally in the context of flooding (e.g. Carter 1990, 
Bird 1992) or the influence of salts of marine origin (Fassina et al 1994, Vincente 1996, Zezza 1996, 
Chabas & Jeanette 2001, Silva et al 2002). As discussed in Chapter 4, the encroachment of the sea on 
the land and the inundation and submergence of historic buildings poses a host of new challenging 
conservation issues. The coast, especially in the context of rising sea levels and increased storm events 
associated with climate change, is likely to become one of the key issues in building conservation in the 
twenty-first century. 
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8.2  Findings 
 
Considering the vulnerability and conservation of coastal monuments is a complex task. At the outset of 
the research, knowledge of monuments located on the Irish shoreline was limited. In contrast to the 
detailed mapping of the land, there was a lack of clarity and of understanding for the range and types of 
monuments which could be found along the Irish coast. The research focused on evaluating where and 
how these structures had survived, and how and why they were deteriorating. The sea presents an 
aggressive, powerful environment, a salt-rich solution populated by a wide range of complex biological 
organisms seeking surfaces to colonise. In addition the sea is mobile, moving both landward and 
seaward, undermining, burying, abrading and corrading. In examining this context, there is no 
established “best practice”, no specialised generic techniques to draw on, and very little previous work 
to draw comparison with. Instead, there is a range of new issues which must be considered in addition 
to those familiar to architectural conservation, and a range of assessment, recording, monitoring and 
repair techniques which must be moulded, shaped and adapted to address site specific needs.  
 
The central aim of this research was to evaluate whether stone monuments along the coast of Ireland 
experience more severe and/or different types of decay and degradation than monuments located in 
non-polluted inland environments. The specific objectives of the project (Section 1.2) were to evaluate 
the range and extent of coastal stone monuments in the Republic of Ireland; to evaluate the vulnerability 
of those monuments to decay and degradation in the form of coastal erosion and stone weathering 
studies; and to recommend future work in the areas of risk assessment and management of coastal 
stone monuments.  
 
The key findings of this research are: 
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• A better understanding of the resource through the identification of a previously neglected 
aspect of the historic built environment which had not been recorded in historical maps of the 
coastline (Section 8.2.1). 
• A better understanding of the vulnerabilities of that resource by identifying a new 
‘deterioration environment’ for historic structures through an assessment and understanding of 
the specialised processes of deterioration and destruction which occur at the coast edge 
(Section 8.2.2). 
• An evaluation of the key threats to coastal stone monuments (Sections 8.2.2-8.2.4). 
• The formulation of a best practice model for the assessment of vulnerability of coastal 
stone monuments (Section 8.3). 
 
8.2.1 Understanding the Resource: Identifying, Qualifying and Quantifying Coastal Stone 
Monuments 
 
The research established a clear understanding of the range and type of historic buildings and 
monuments built of stone which are found along the coastlines of Ireland. These buildings and 
structures have not been well-recorded and remain a poorly understood resource, with the number and 
range of Irish coastal archaeological monuments remaining an unknown and unquantified figure (as 
discussed in Section 3.5). The inter-tidal area in Ireland has not been the subject of accurate mapping, 
and thus, many coastal buildings are not marked on historic cartographic sources - industrial heritage 
structures such as railway buildings, coastal protection and port buildings, located below the high water 
mark are often omitted. Aerial photographic surveys, which often form the basis for modern mapping, 
are not always flown during periods of low water, resulting in the absence of large sections of marginal 
land from conventional mapping. There is therefore, no accurate database of coastal heritage in Ireland, 
and no record of the number of monuments and structures which have been, or which may in the future 
be lost through coastal erosion. 
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Prior to understanding their loss, it was first necessary to define what could be understood as a ‘coastal 
stone monument’. The Heritage Act 1995 gives clear guidance in defining a monument (Table 3.1). 
However, there are challenges in defining a group of buildings as ‘coastal’, as the group cannot be 
strictly defined either through a selective typology of buildings or by an easily-definable proximity to the 
shoreline (as discussed in section 3.4). Some structures are very clearly ‘coastal’ by both placement 
and design. Harbours, piers, landing places, seawalls, rock-cut steps and slipways providing access to 
the sea are all easily understandable and definable as ‘coastal’ as they provide a direct link between the 
land and the sea. Similarly, Martello towers and other coastal fortifications (e.g. on Dalkey Island, Co. 
Dublin, sections 6.4.2.4 and 6.4.2.5), lifeboat houses and fishermen’s cottages can also be considered 
‘coastal’ as they were built specifically for a coastal location and have a functional relationship with the 
coastline and the sea. 
 
Other buildings with counterparts in both unpolluted inland and urban locations can also be sometimes 
defined as ‘coastal’ due to their placement in relation to the sea. One such example is Bullock Castle, 
Co. Dublin: a tower house built on a low rocky rise immediately above the high water mark to administer 
and control the sea creek of Bullock in the medieval period. Tower houses are one of the most 
distinctive medieval building types known in Ireland with examples in both urban and rural locations, 
however, Bullock Castle can also be defined as ‘coastal’ due to both placement and its functional 
relationship with the sea in the same manner as Martello Towers and lifeboat houses.  
 
There is a further category of building which can be considered ‘coastal’, and which is especially 
important in considering the vulnerability of these structures. These are structures which, due to coastal 
erosion or other coastline change processes, are now located at or immediately adjacent to the 
shoreline due to coastline change. These may often be well-known and well-understood building types 
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with comparable examples in urban and/or rural locations, such as the Gate Lodge north of Bray, Co. 
Wicklow (Section 6.4.3.3).  
 
These four categories of stone monument (Table 8.1) provide a framework within which to consider the 
nature of the resource prior to assessing any vulnerability. 
 
• Buildings of specialised design constructed specifically at the land/sea interface (Harbours, piers, 
seawalls etc). 
• Buildings of specialised design constructed at or immediately adjacent to the sea, and intended to 
have a functional relationship with the sea (Martello towers, lifeboat houses etc). 
• Buildings constructed at or immediately adjacent to the sea, but not designed specifically for a coastal 
location, and having comparable examples in inland locations (e.g. tower houses, churches etc). 
• Buildings which were not originally, but which are now located at or immediately adjacent to the sea 
due to shoreline alterations such as coastal erosion. 
Table 8.1: Categories of ‘Coastal’ Buildings. 
 
The key connecting thread linking structures of all categories is that their physical fabric, regardless of 
original placement or design, is now in close proximity to the sea. With the wealth of primary and 
secondary research material on historic sites and buildings including maps, aerial photographs, 
historical photographs, illustrations and textual sources, the nature and extent of the stone monuments 
located along a particular shoreline should be reasonably well recorded. However, as shown in Chapter 
3, there is particularly poor data and knowledge of monuments located along the Irish coast, with 
substantial structures such as the harbour at Newhaven, Co. Dublin (Brady et al 2007) continuing to be 
identified as having archaeological or architectural heritage value. 
 
To test the methodological approach of this research, and to illustrate the lack of clarity on the nature of 
the resource at the coast, two interlinked case studies were undertaken:   
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• Firstly, a general survey of a section of coastline specifically to identify buildings, structures and 
monuments at the land/sea interface, and to clearly establish the potential for new ‘discoveries’ 
of potential archaeological or architectural value on the coastline of Ireland (Section 8.2.1.1). 
• Secondly, a more detailed study of one previously unrecorded site selected from the general 
survey to determine the archaeological and/or architectural heritage value of the site, and any 
risk associated with its placement in relation to the sea (Section 8.2.1.2). 
 
8.2.1.1  Case Study: The Coastal Architecture of Dun Laoghaire-Rathdown, Co. Dublin 
 
The purpose of the first case study was to determine the nature and number of stone buildings, 
structures and monuments located along a defined stretch of coastline, and to determine the number 
and significance of any structures which had not been previously recorded. The coast of Dun Laoghaire-
Rathdown in south Dublin was examined in 2007 using the established project methodology by field-
walking the shoreline during low tide periods. As low rocky cliffs exist along sections of the coast from 
Sandycove to Killiney and other sections are in private ownership, some sections of the coast were 
examined by boat. The survey identified 85 structures at the land/sea interface, 18 of which had not 
been previously recorded (Table 8.2).  
 
No. Structure Known No. Structure Known 
1. Booterstown-Blackrock Railway 
Seawall 
Yes 44. Sandycove Lane East Bathing 
Place 
No 
2. Blackrock Park Sea Walls Yes 45. Bullock Harbour Yes 
3. Williamstown Martello Tower Yes 46. Bullock Quarry No 
4. Williamstown Bathing Place Yes 47. Bullock-Bartra Seawall & 
Associated Features 
No 
5. Rock Road Sea Bathing House No 48. Bartra-Coliemore Private 
Harbour I 
Yes 
6. Blackrock Sea Baths Yes 49. Bartra-Coliemore Private 
Harbour II & Bathing Place 
Yes 
7. Blackrock Station Bathing Plaque No 50. Lady’s Well Quarry & Landing 
Place 
No 
8. Blackrock Bathing Place Yes 51. The ‘Muglins’  Yes 
9. Cloncurry Stream Yes 52. Grotto, Dalkey Island Yes 
10. Cloncurry Bridge Yes 53. Landing Place, Dalkey Island No 
11. Cloncurry Cutting Yes 54. Harbour, Dalkey Island Yes 
12. Cloncurry Pier Yes 55. Enclosure, Lamb Island No 
13. Cloncurry Folly I Yes 56. Castle Hotel Harbour Yes 
14. Cloncurry Harbour  Yes 57. Bartra-Coliemore Private Yes 
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Harbour III 
15. Cloncurry Folly II Yes 58. Bartra-Coliemore Private 
Harbour IV 
Yes 
16. Cloncurry Grotto No 59. Bartra-Coliemore Private 
Harbour V 
Yes 
17. Cloncurry Bathing Place No 60. Bartra-Coliemore Private 
Harbour VI 
Yes 
18. Cloncurry Quarry No 61. Former ‘Dalkey Island’ Hotel 
Seawall 
Yes 
19. Tobernea Folly Yes 62. Coliemore Harbour Yes 
20. Seapoint Railway Seawall  Yes 63. Coliemore-Sorrento Seawalls & 
Landing Places 
Yes 
21. Seapoint Landing Place No 64. Sorrento Point Bathing Place Yes 
22. Seapoint Martello Tower Yes 65. Sorrento Terrace I Yes 
23. Seapoint Bathing Place Yes 66. Sorrento Terrace II Yes 
24. Seapoint Seawall Yes 67. Sorrento Bathing Place Yes 
25. Seapoint Slips  Yes 68. Mount Mapas Mines, Killiney Yes 
26. Seapoint Quarry No 69. Vico Road Railway & Associated 
Features 
Yes 
27. Seapoint Tower Bridge Yes 70. White Rock Bathing Place Yes 
28. Seapoint Bathing Place Yes 71. ‘Tea Rooms’, Killiney  Yes 
29. Seapoint-Salthill Railway Seawall  Yes 72. Killiney Railway Bridge I Yes 
30. Salthill Public Amenity Area Yes 73. Killiney Railway Bridge II Yes 
31. Salthill Quarry No 74. Killiney Boundary Stone Yes 
32. Salthill Slip Yes 75. Killiney Cutting Yes 
33. Scotsmans Bay Bathing Area Yes 76. Loughlinstown Martello Tower Yes 
34. Scotsmans Bay Bandstand Yes 77. Loughlinstown River Bridge Yes 
35. Old Dun Laoghaire Baths Yes 78. Loughlinstown Battery No. 5 No 
36. Newtownsmith Seawall & 
Promenade 
Yes 79. Magheragh Pathway No 
37. The Curragh Rooms Yes 80. Corbawn Railway Bridge Yes 
38. Sandycove Harbour Yes 81. Shankill Railway Bridge Yes 
39. Sandycove Quay Yes 82. Killiney-Cork Abbey Railway 
Embankment  
No 
40. Sandycove Battery Yes 83. Cork Abbey Sea Defences No 
41. The ‘Forty Foot’ Bathing Place Yes 84. Cork Abbey Railway Bridge Yes 
42. Sandycove Quarry Yes 85. Cork Abbey Gate House Yes 
43. Sandycove-Bullock Seawalls & 
Associated Features 
Yes  
Total Number 68 Known 17 Unknown 
Total Percentage  80% Known 20%Unknown 
Table 8.2: Monuments, Buildings and Structures Located at the Land/Sea Interface on the Coastline of Dun Laoghaire-
Rathdown, South Dublin Recorded Through Field-Walking in 2007. 
 
The majority of the 18 previously unrecorded structures were either small or difficult to clearly identify 
such as 19th century quarries and sea defences. However, three of the sites were considered of 
significant archaeological value – a landing place on Dalkey Island, an enclosure on Lamb Island, and a 
gun battery on the high glacial till cliffs of Killiney Bay. The landing place and enclosures found on 
Dalkey and Lamb Islands respectively are low visibility structures in relatively inaccessible locations. 
However, the Battery at Killiney was a substantial structure which had not been previously recorded 
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(Section 8.2.2) and was assessed in detail during this research for the first time since its construction 
over two centuries ago. 
 
8.2.1.2    Case Study: Battery No. 5, Killiney, Co. Dublin 
 
The second study focused on the largest previously unrecorded site from the general survey (Section 
8.2.1.1) – the remains of an early 19th century fortification. The case study comprised fieldwork 
assessment of the site, including underwater survey of the submerged coastline adjacent to the site, 
and desktop assessment to determine its archaeological and/or architectural heritage value. There is a 
lack of clarity in existing published work on the Martello towers and associated gun batteries of Dublin 
(Sutcliffe 1972, Kerrigan 1995, Clements 1999), and the research focused on primary source material 
from the National Archives of the United Kingdom in London, and the Military Archives, National Library, 
National Archives and Trinity College Library in Dublin. 
 
 Between 1804 and 1805, Martello towers and gun batteries were constructed in 28 locations north and 
south of Dublin City to provide a coastal defence system for the capital city (Clements 1999). In June 
1804, sites for 14 towers and 10 batteries were selected south of Dublin City (PRO 55/831), including 
‘Battery No.5’ to the south of the Loughlinstown River in Killiney Bay. The battery was positioned: 
 
“No. 5 Between Loughlinstown River and projecting Point. A Battery to scour the beach & co-operate with No.6 in 
Defense of that part of the Bay”. (Manuscript dated 30th June 1804. Reference Number WO 55 831, National 
Archives of the United Kingdom, London). 
 
Battery No. 5 was constructed to defend the beaches approaching Loughlinstown River and provide 
support to the adjacent Martello towers and accompanying Batteries to the south (No. 4 Magharagh 
Point) and north (No. 6 Killiney). Battery No. 5 does not appear on the 1815 Map of the Eastern Military 
District (TCD MS 2182, Trinity College Dublin), which has an inscription at the base of the map reading 
377 
 
“Note – the Tower No.5 South of Dublin Bay was dismantled”. Turner (1987) reproduces a letter dated 
2nd May 1818 by the local landowner, General I.G. Cockburn: 
 
“There was certainly a redoubt and fortification formerly in my north sea field – next the Martello Tower – but so 
much of the sea bank had fallen in, that little of it remains at this day – it had been diminished in my own memory”. 
 
The battery structures are marked on all editions of the ordnance survey from 1837 onwards, and 
labelled on the 25-inch Dublin ordnance survey map as “Old Battery (Ruins of)” in 1866. However, the 
relationship between this battery and the Dublin area Martello Towers was lost, and the significance of 
the site unrecognized. Consequently, this site was never recorded as part of the built heritage of the 
county and, unlike all other towers and batteries, is not included on or protected through the statutory list 
of archaeological monuments (the Record of Monuments and Places or RMP) or of architectural 
structures (the Record of Protected Structures or RPS).  The battery survives as a built feature on 
Ordnance Survey maps, and was recorded by the National Coastline Survey aerial photographic work in 
1999 (Fig. 8.1). Field-walking the south Dublin coast in 2007 noted that a substantial part of the battery 
complex still survives (Fig. 8.2), including the north and west walls with battlements and gun loops, a 
powder magazine with a brick barrel vault similar to that seen on Dalkey Island (Section 6.4.2.5), a 
guard room, and a number of other ruined structures. The original approach road also survives as an 
earthwork feature and field boundary to the west of the site. The remains of Battery No. 5 stand at the 
top of an unstable high glacial till cliff showing recent falls. All seaward defences and gun emplacements 
have been lost, and the remaining structures are located in a very vulnerable position.  
 
Examination of the inter-tidal and submerged zones immediately adjacent to the site uncovered sections 
of masonry on the sea-bed, though no other structures are located on the available historic mapping for 
this section of coast other than Battery No. 5. Close examination showed that the dimensions of the 
granite masonry and the character of the lime mortars binding the granite blocks were very similar to the 
extant structures and defensive walls of Battery No. 5. Other sections of granite masonry are found in 
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the inter-tidal and submerged zones further to the south of Battery No. 5 (Site 82 in Table 8.2). 
However, these originate from the Dublin-Wicklow railway line. This line ran landward of Battery No. 5 
(Fig. 8.1) and the sections of masonry from the submerged portion of the former railway line to the south 
are dissimilar in construction, block size and appearance of the mortar from the masonry found adjacent 
to Battery No. 5. It is therefore reasonable to suggest that the sections of fallen masonry in the inter-tidal 
and submerged zones immediately adjacent to Battery No. 5 are remnants of that battery which have 
collapsed due to undermining from coastal erosion processes. The battery, positioned at the edge of a 
sea cliff composed of soft glacial till, is primarily vulnerable to undermining of the cliff, which would lead 
to collapse of the remaining structures and loss of any below-ground archaeological features, deposits 
or artefacts. The standing structures are built of Leinster granite with some fired clay brick, bonded with 
a strong lime mortar. Though in a ruined condition, all of the wall structures appeared stable, showing 
no indications of cracking, bulging or displacement which would suggest structural failure. The granite 
stone surfaces are mainly rubble masonry, and show mild stone decay forms, mainly confined to 
occasional flaking. The majority of the exposed granite stone surfaces appear sound, showing little 
surface recession or surface alteration. There was no evidence of granular disintegration or large 
scaling or other stone decay found to other nineteenth century Leinster granite structures at the high 
water mark of Killiney Bay, Co. Dublin (Sections 6.4.3.1-6.4.3.3). 
 
Fig. 8.1: Aerial Photograph of Battery No.5 showing Extent 
of Remains. Image Courtesy of Gearoid O’Riain, Compass 
Infomatics.  
Fig 8.2: View of Battery No.5 from Cliff Edge showing 
Defensive Angled Walls, Gun Loops and Guard Room. 
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Fig. 8.3: Worked Granite Masonry with Mortar on Foreshore 
Below the Site of Battery No.5, Killiney, Co. Dublin 
Fig 8.4: Brick-lined Magazine (centre), Battlemented West 
Wall (rear) and Guard House (left) of Battery No. 5. 
 
In conclusion, these case studies allow us to categorically state that the nature and range of buildings of 
archaeological and architectural value surviving on the coastline of Ireland remains an unknown 
resource, but that substantial coastal monuments of archaeological and architectural significance are 
likely to survive. Field-walking a relatively short section of the south Dublin coastline revealed a 
significant number of stone monuments at the land/sea interface had not been previously recorded. 
Battery No.5 is of particular significance displaying evidence of substantial remains located in a very 
vulnerable position, and unlike other surviving towers and batteries in Co. Dublin constructed as part of 
the 1804-1805 Dublin defences has not been afforded the highest levels of statutory protection. The 
research therefore concludes that the coastline of Ireland could be one of the most important areas for 
new archaeological discoveries in the 21st century. 
 
8.2.3  The Survival of Coastal Stone Monuments 
 
The overall research findings have been that visual surveys of the coast at low water periods return high 
quality data on the current condition of the historic coastal built environment. Desktop studies were 
useful in identifying the historical context, but were unreliable in detecting what may survive today. The 
research fieldwork undertaken discovered a significant number of historic built structures located in the 
inter-tidal area which had not been previously recorded, including prehistoric landscapes (Bolton 2003), 
submerged settlements and structures of industrial heritage interest (Section 3.5). A key finding of the 
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research was that historical mapping and other sources of archaeological information, used as standard 
references for the majority of terrestrial site investigations, were unreliable along the coastline of Ireland 
(as discussed in Section 3.6). 
 
While the nature of the resource can be quantified using established architectural recording methods, 
understanding and assessing the vulnerability of that resource to the specialised destructive processes 
found at the land/sea interface is a problem of much greater complexity. The condition of the sites noted 
during fieldwork was highly variable, ranging from intact and in use, to no trace of the structure surviving 
or the site covered by several metres of water. To assess the vulnerability of such a diverse population 
of historic building types, the research initially focused on understanding the processes through which 
these monuments deteriorate in order to determine their level(s) of vulnerability – sorted into two levels 
of change: ‘high level change’ through disruption of the building fabric; and ‘low level change’ of the 
surface alteration or stone decay of the stone masonry. 
 
8.2.2 The Land/Sea Interface as a Unique Deterioration Environment 
 
One of the key findings of the research was the identification of the land/sea interface as a unique 
deterioration environment for historic buildings and historic stone surfaces. For the purposes of this 
research, deterioration was categorised at two levels: 
 
• High Level Change through disruption of the building fabric, e.g. by coastal erosion, flooding or storm events 
which could lead to structural failure of the monument (discussed in Chapter 3). 
• Lower Level Change as the surface of the stone is altered, damaged and lost (discussed in Chapters 5-7). 
 
Both levels of change incorporate weathering processes which may ‘normally’ be encountered by a 
stone structure in an unpolluted inland environment. However, both levels of change also incorporated a 
number of factors which could be directly associated with proximity to the coastline. The evaluation of 
deterioration and risk specific to a structure along a coastline can be established through a combination 
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of established architectural decay diagnostic techniques (e.g. Pavía & Bolton 2001, Fitzner & Heinrichs 
2002), natural stone weathering studies, and coastal erosion and geomorphological studies (e.g. 
Trenhaile 1987, Dawson 2003) supported by standard drawn and/or photographic recording techniques. 
 
The position of a historic building or monument in relation to the sea, and specifically to the high water 
mark, was found to be crucial in understanding the processes of high level deterioration at work, and in 
assessing any consequent vulnerabilities to the structure. Coasts are defined in a number of different 
ways for different purposes (Section 3.3), but at the simplest level are either aggrading (advancing 
seaward), stable (no current significant change), or eroding where the shoreline is retreating. A coastal 
monument may be entirely, partially or never submerged, dependent on its position in relation to the 
submerged, inter-tidal and supra-tidal zones (as discussed in section 3.3). These zones may move 
either landward or seaward due to both natural and anthropogenic factors, and consequently a coastal 
structure may “pass” from one zone to the next during the process of emergence or submergence of a 
shoreline. The key characteristic of each zone is the varying amount of available seawater which can 
physically and chemically impact on a building surface.  
 
Stone monuments on the shoreline present a particularly interesting field of study as they tend to be 
good survivors, with different architectonic forms often from overlapping historical periods used for a 
variety of social and cultural purposes. The term “stone” covers a group of materials of highly variable 
strength, durability and appearance. Yet, throughout history and continuing to the present day, stone 
has been chosen as a high quality, durability material often intended for important and prestigious 
constructions. The deterioration of a stone building can be considered as a combination of 
environmental conditions, building failures, and of stone failures – most notably the surface alteration of 
stones (as discussed in Section 6.3.3). In addition to the range of decay processes which may occur at 
a building in an unpolluted inland environment (as outlined in Pavía & Bolton 2000), the research 
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identified a number of coastal-specific decay processes which have a significant impact on the ‘lifespan’ 
of coastal buildings.  
 
The deterioration of a coastal stone monument positioned within or immediately adjacent to the inter-
tidal zone is often due to a combination of many factors including mechanical wave erosion, daily wet-
dry tidal cycling, salt weathering, bioerosion and other biological influences, frost and related 
mechanisms, and alterations in beach levels and shoreline morphology. These structures present 
further complexities as the upper (dry) sections of the structure may show similar decay forms to 
comparable buildings inland, while submerging sections may show radically different forms due to 
underwater and inter-tidal processes of stone decay and deterioration which may vary significantly from 
processes encountered in either unpolluted inland or urban environments. Pointing, bedding and 
rendering lime mortars common to historic buildings are particularly susceptible to dissolution and 
survive poorly in marine contexts, and their failures have consequent implications for accelerated 
deterioration of the stone monument. Dry joints leading to structural instabilities may range from local 
cavities to substantial loss leading to subsidence and/or partial collapse of sections of masonry wall. Dry 
joints are especially common at the base of walls where sand and other particulate matter is 
concentrated as a water-borne abrasive. Incipient dry joints may also be exploited by a wide range of 
marine organisms which tend to enlarge the voids. It should be noted that in a marine context a dry joint 
may extend more than 1 metre in depth into the wall core, as noted to the submerged railway 
embankment at Bray, Co. Wicklow (Section 6.4.3.2).  
 
The structure and stone fabric of a coastal stone monument may then be susceptible to a wide range of 
both terrestrial and coast-specific decay forms and processes. The coast poses a distinct set of decay 
forms and deterioration processes to historic sites which may act both directly on the structure itself and 
indirectly by acting on the adjacent shoreline. The coast should therefore be considered a distinctive 
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deterioration environment, with the buildings often showing many of the characteristics and weathering 
forms seen at rocky sea cliffs. It should also be noted that these coast-specific decay forms are in 
addition to, and not instead of, the spectrum of decay forms found to comparable structures in 
unpolluted inland environments (as outlined in Pavía & Bolton 2000). As coastal stone monuments 
experience this added layer of vulnerability, the potential impact of each of the coast-specific 
deterioration mechanisms must be clearly understood in order to understand and evaluate the threats to 
the historic building or monument. The most significant coast-specific decay forms identified during the 
course of this research include coastal erosion leading to undermining; wave action, abrasion & 
corrasion; colonisation by marine organisms; and the action of marine salts (to be discussed in Section 
8.2.4). 
 
8.2.2.1    Coastal Erosion and Undermining 
 
Coastal erosion can be defined as the landward movement of a shoreline resulting from a loss of a 
sedimentary or rocky substrate from the inter-tidal and foreshore zones. The process can be damaging 
to monuments in a number of ways – commonly undermining the foundations of a building (Section 
4.7.3.1) and allowing the direct impact of wave, spray and the marine environment on building surfaces 
(Section 4.7.3) as a prelude to inundation. The process of coastal erosion can dramatically alter the 
position and circumstances of a coastal monument, exposing it to new environments. Consequently, 
coastal erosion can lead to both high level and lower level change to a coastal stone monument.  
 
Coastal erosion is the result of a combination of a number of factors including changes in relative sea 
level, the intensity of wave action, tidal amplitude, the frequency of storm events, patterns and natural 
and artificial alterations to sediment distribution along the coastline, and the composition of the shoreline 
immediately adjacent to the monument (as discussed in Section 4.2.1). The process of coastal erosion 
tends to arise from a combination of causal factors, and the relative importance of these factors 
384 
 
changes according to local variables.The rate and severity of coastal erosion is controlled primarily by 
the nature of the shoreline. Shorelines are most commonly categorised into “soft”  shores composed of 
sandy dunes and glacial till, and “hard” shores composed of rocky sea cliffs, man-made sea walls etc 
(as discussed in Section 4.7.2). Published large-scale studies of coastal erosion (e.g. Quelennec 1998) 
tend to break the coastline up into coastal cells, rating each in terms of shoreline type and use, risk 
factors and an average rate of loss. The shoreline type is a key factor in estimating susceptibility to 
coastal erosion, and consequent risk to a monument. However, at the small scale applicable to the 
consideration of current and possible future deterioration of a coastal monument, large-scale surveys 
can underestimate the amount of damage occurring at smaller scales. The usefulness and fine accuracy 
of existing coastal erosion surveys then need to be critically evaluated in assessing potential risk to a 
particular site. At the small scale applicable to a coastal monument, greater variation is apparent. Local 
factors such as the durability of the monument itself influence erosion. The construction of hard coastal 
protection works to protect coastal stone monuments has often led to accelerated rates of erosion at the 
edge of these works (as seen at Carrigaholt Castle, Co. Clare discussed in Section 4.5.1).  
 
All shorelines are subject to change, and even a seemingly robust rocky sea cliff is undergoing minor 
erosive processes such as sub-aerial scarp recession, weathering along mineralised joints, abrasion 
and corrasion (particularly adjacent to cobble/gravel beaches), notching and undercutting of 
platform/cliff junctions and exploitation of sedimentary bedding and areas of structural weaknesses 
which lead to retreat of the cliff face. The deterioration of historic buildings can be assessed in a similar 
manner to these rocky sea cliffs as they share many of the same characteristics and show similar decay 
forms under the same coastal change processes. For example, sub-aerial scarp recession was noted at 
the Black Castle, Co. Wicklow (Section 4.4.6.2), weathering along the joints was noted to McSwyne’s 
Castle, Co. Donegal (Section 4.5.6), and abrasion and corrosion was noted extensively at Rosslare 
Fort, Co. Wexford (Section 4.4.2) and Bray, Co. Wicklow (Section 4.4.1). Sandy shorelines are 
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particularly vulnerable, and often in a continual state of flux, which can be extremely damaging to any 
buildings located close or adjacent to the inter-tidal zone. 
 
One of the most damaging aspects of coastal erosion is the impact on the foundations of a structure 
through undermining. Undermining leading to the collapse of coastal stone monuments located on the 
coast is brought about predominantly by coastal processes acting upon the underlying geology, rather 
than primarily on the fabric of the monument (as discussed in Section 4.7.3.1). For example, the east 
coast of Ireland features long stretches of sandy cliffs which experience constant loss of material 
through both wind and wave erosion at every high tide period (as seen at Rosslare Fort, Co. Wexford, 
discussed in Section 4.4.2). The base of sandy cliffs is often fronted by a highly mobile cobble beach, 
causing mechanical erosion through abrasion to the toe of the cliffs combining with wave action, sub-
aerial processes and storm events, resulting in sudden failures of sections of the cliff face. The level of 
erosion is stabilised by the redeposition of this material during tidal movements. As the protective head 
of collapsed detritus is gradually removed offshore by local sediment transport processes, the shoreline 
is again directly exposed and the cycle of erosion is renewed.  
 
The cyclical process of erosion and deposition results in both the encroachment of the sea onto the 
land, and fluctuating beach levels. There can therefore be both vertical and horizontal alterations to the 
character of a beach area. Any historic building standing on this sandy substrate is consequently 
susceptible to undermining, abrasion and corrasion, and the exposure of previously buried areas to daily 
wet-dry cycling through tidal movements. The process of undermining commonly leads to the exposure 
of the shallow foundations typical of historic buildings, the formation of structural cracks, which tend to 
develop rapidly and lead to the partial collapse of sections of the monument (as seen at the Railway 
Bridge, Bray, Section 6.4.3.1). However, if the underlying substrate is stable, both the foundations and 
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the superstructure of the building or monument may still be threatened by cobbles, gravel and pebbles 
being mobilised by wave action (Sections 4.7.3.2 and 8.4.2) 
 
8.2.2.2     Wave action, Abrasion and Corrasion 
 
The degree of exposure, severity and type of wave action is an important factor in assessing the 
continuing survival of a coastal monument (Section 4.7.3.2). Wave action acts both directly on the 
monument and indirectly by acting on the adjacent shoreline, both of which can result in high level and 
lower level change to the building. 
 
Evaluation of shore morphology and the type of wave action impacting in the vicinity of a coastal stone 
monument allows an informed consideration of the potential seasonal or longer-term changes and 
pressures, and a better understanding of the processes of deterioration at work at a particular site. 
Coastal stone monuments can be considered as artificial rock coasts, and are subject to many of the 
same processes of deterioration as coastal rocky cliffs. Wave ‘quarrying’ occurs in a narrow band 
extending just below the still water level up the wave crest, causing shock pressures of the breaking 
wave, water hammer and air compression in joints. Masonry blocks can be dislodged as a result of the 
pockets of air trapped along joint, stone bedding planes and other vulnerable areas as waves break 
against the building. The process is cyclical as each wave brings sudden pressure and sudden release, 
and becomes a particular effective erosive technique when sand particles are contained in the water 
forming a highly abrasive solution. These processes are most damaging during the winter months when 
wave strength is highest, and most damaging when the wave front or ‘bore’ is parallel with the building 
elevation, reducing the amount of wave energy which is deflected along the building elevation if the 
wave strikes at an angle. 
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Wave action may abrade a masonry surface both by direct impact, and by abrasion from sand particles 
suspended in the water commonly leading to the rounding and polishing of the surface of the stone 
units, and removal of mortar from the joints which disrupts the wall fabric leading to settlement and 
collapse. At the base of the wall, the masonry may show significant rounding and etching by the 
corrasion of gravel, cobbles and boulders acting against the base of the structure by wave action. This 
generally occurs in a narrow band extending from the base of the wall to a height of 100-300 mm, as 
seen at the Gate Lodge in Bray (discussed in Section 6.4.3.3). Underwater inspection of the base of a 
submerged ruin may show one elevation experiencing significantly greater rates and severity of 
deterioration – normally aligned with the prevailing winds and the open fetch of the sea (as seen at the 
Black Castle, Wicklow, discussed in Section 4.4.6.2). Grooves can also develop in certain areas 
according to the topography of the building surface and the seabed in the immediate area.  
 
Coastal erosion can therefore enable a range of potentially highly damaging deterioration processes to 
act on a building at the coastline. It is important to note that inundation alone is not necessarily 
damaging to a building (discussed in Section 8.2.2.5). However, in addition to the physical processes of 
deterioration through erosion, wave action, abrasion and corrosion, the marine environment also 
presents an entirely new form of bioweathering (Section 8.2.2.3) and the significant chemical weathering 
issues associated with the action of salts in historic buildings (Section 8.2.2.4). 
 
8.2.2.3    Marine Biological Organisms 
 
Close examination of building surfaces during this research also enable consideration of the impact of 
marine organisms on stone masonry structures at the coast, and their usefulness as indicators of 
periods of wetness, wave strength, tidal currents and other environmental factors which may affect a 
stone structure. Biological colonisation is a constant feature of historic buildings and archaeological 
monuments (Pavía & Bolton 2001), and there is growing research and debate on the impacts (harmful 
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and beneficial) of lichen development on stone surfaces, soft organic growth capping wall tops, and the 
realm of interactions and competing values between natural and built heritage. Biological species, both 
flora and fauna, exploit building surfaces in a similar manner to other rocky habitats. The mitigation of 
harmful biological colonisation on building surfaces such as ivy development and bioerosion is an 
established area of architectural conservation (as discussed in Section 5.5.4). However, marine 
organisms introduce a new world of complex species competing for habitat in the littoral and sub-littoral 
areas. A number of factors determine the nature, significance and rate (if this can be established) of 
marine bioerosional activity. Marine species are distributed in both the vertical and horizontal planes, 
and the distribution of different species is controlled by the availability of moisture (local tidal 
characteristics determine periods of inundation and exposure to dessication) and waves, surge and tidal 
currents. In general the width of each organic zone increases with increasing wave energy, with wide 
bands of marine organisms found on exposed shores and an abrupt distinct transition between marine 
and terrestrial habitats in sheltered sites where the influence of spray and wave action is greatly 
reduced. Other factors include salinity levels, pollutants levels, temperature and degree of exposure to 
sunlight.  
 
Coastal stone monuments may feature a complex environment of floral and faunal species, and the 
banding and distribution of marine organisms in the vicinity of a coastal structure provides valuable 
information about the level and severity of exposure. An understanding of the species colonising a 
coastal building surface can therefore be very informative regarding the periods of wetness, the wave 
strength, tidal currents and other controls on the conditions favourable to colonisation. The identification 
of different habitats on a coastal structure can also provide information on different environmental 
conditions within a particular site.  
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Exposed inter-tidal building surfaces are typically dominated by communities of common mussel 
(Mytilus edulis), barnacles (Semibalenus balaniodes, Chthamalus spp.) with limpets (Patella spp.) 
throughout. On exposed submerged building surfaces, kelp normally dominates, with an understorey of 
foliose red or brown seaweeds forming a dense bed below the main kelp zone (as for example at 
Cromwell’s Fort, Inisbofin, Co. Galway, see Pavía & Bolton 2001). Fucoids also occur in distinct 
horizontal bands, and a wide stretch of fucoids and seaweeds exposed during low tide indicates 
potential for significant wave action and/or tidal currents. Local anomalies can also be identified by 
biological colonisation. The replacement of kelp with robust animal species such as cushion sponges, 
colonial ascidians, bryozoans, anenomes, barnacles and calcareous tubeworms indicates an area of 
surge or other strong water movement. The range and type of marine organisms found on a submerged 
and partially submerged ruins can then be used as a relatively accurate indicator map of environmental 
conditions. However, the presence and activity of these marine organisms can also have direct and 
indirect impacts on submerged masonry. 
 
The effectiveness and zonation of erosive marine organisms varies according to the nature and 
durability of the brick or stone masonry substrate. Softer limestones and siliciclastic rocks such as 
mudstones, siltstones and some sandstones may be very vulnerable to both dissolution and boring 
organisms. The most significant organisms are marine bacteria, microflora (e.g. marine and terrestrial 
algae, lichens), and grazers (which may include a wide range of species including chitons and 
gastropods, limpets and periwinkles), echinoids, crabs, starfish and grazing fish such as wrasse which 
mechanically rasp the stone surface. Boring and burrowing organisms such as crabs and lobsters are 
very common in submerged open joints, and conger eels of up to 2 metres in length can be found 
colonising the base of harbour walls and submerged ruins where conditions permit, as noted to the 
submerged section of the railway embankment north of Bray, Co. Wicklow (Section 6.4.3.2).  
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A wide variety of green, red and brown algae can be encountered in marine environments, from 
chlorophyta (green algae) in the littoral zone, rhodophyta (red algae) in the lower littoral and sublittoral 
zones, and cyanophyta appearing as a blue-green slime in the upper littoral and supra-littoral zones. 
Algae are physically attached to a building surface, and like their terrestrial counterparts, have 
associated metabolic processes which can alter a stone surface. Some marine algae such as endolithic 
cyanophyta, and other microfloral species such as fungi and lichens are also effective rock borers. Algal 
development is inhibited by grazers, although these may also cause a certain amount of disruption 
(including the formation of grooves under certain conditions) as they mechanically rasp the masonry 
surface to remove the microflora. Zonation can be observed from the submerged base of a coastal 
stone monument to the dry superstructure, showing a transition from marine organisms to terrestrial 
species such as lichens and flowering plants commonly found colonising historic ruined structures 
(Pavía & Bolton 2001). Lichens tend to dominate the supra-littoral zones in Ireland, showing zonation 
patterns determined by immersion/exposure periods. The width/height of lichen bands also increase 
with increasing exposure, with grey lichens (Ramalina app.) above yellow lichens (Xanthoria spp.) at the 
top of the zone to black lichen (Verrucaria maura) at the base. 
 
Boring and burrowing marine organisms may include certain barnacles, polychaete worms, gastropods, 
echinoids (sea urchins), bivalve molluscs and sponges, which may excavate for habitation, 
reproduction, anchorage, or nutrition, and some grazing organisms use a chemical “trail” to return to a 
particular location after nightly foraging. These organisms may have both direct and indirect impacts on 
stone masonry. Boring species excavate rocky substrates such as stone masonry and mortar joints both 
mechanically and chemically, and the size of the bore varies with the size of the organism from <1-10+ 
mm in diameter. Boring may directly remove a section of the stone surface in a specialised form of 
honeycomb weathering, and can contribute to the retreat of the stone surface by providing a greater 
surface area for other physical and chemical processes. Burrowers tend to excavate softer sediments, 
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and may be observed at the base of a wall or enlarging an already opened ‘dry’ mortar joint. They 
contribute to the undermining of submerged masonry, and may penetrate deeply into the wall where a 
joint has been opened.  
 
Assessing the rate of marine bioerosion is very difficult, and is affected by population density, the local 
environment, the characteristics of the building stone and mortar, and the range of species (algal, 
grazers, borers etc) to be considered, and balanced with the repeatability and accuracy of the chosen 
survey method. It should also be noted that some marine organisms may provide a protective function, 
protecting the underlying masonry from wave action and physico-chemical attack in the littoral and sub-
littoral zones. For example, hand-fired brick found in the submerged village of Rosslare Fort in south-
east Ireland (Section 4.4.2) were found to retain surface features such as grass marks beneath a shelter 
coat of red algae, despite 70 years exposure in a high-energy littoral zone, experiencing daily tidal 
wet/dry cycles, wave action and abrasion by water-borne sand. A very similar environment at Bray, Co. 
Wicklow (Section 4.4.1) had removed all the surface dressing from a much more durable material, 
granite, and the surface of a similar brick used in the railway embankment foundations showed 
significant surface recession. A dense organic coating such as the presence of marine algae may 
therefore act as a buffer to incoming waves, and may also retain moisture on the building surface and 
reduce the severity of daily wet/dry cycling in littoral zones. The impact of marine organisms can 
therefore be a complex balance between bioprotection and bioweathering. 
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8.2.2.4  Changes in Sea-Level and the Potential Impact of Climate Change  
 
Current climate change projections for the 21st century indicate an increase in relative global sea-level, 
and an increase in precipitation events and storm events likely to cause temporary increases in local 
sea levels, leading to coastal flooding and coastal erosion. The Royal Irish Academy 3rd scientific 
statement on climate and sea level change states: 
 
“Inundation and subsequent loss of low-lying coastal land will occur in Ireland as a consequence of any rise in sea 
level. Increased rates of erosion of the ‘softer’ coastlines, comprised of unconsolidated glacial deposits such as 
sands and gravels, around the south and east are also likely. Incidences of flooding along the coast and inland 
along major river networks are also likely to increase, particularly during storm surge events occurring with heavy 
precipitation and high tides.” 
 
In the Republic of Ireland, the sea has progressively encroached on the land through a continuing 
process of erosion and gradual inundation since the end of the last Ice Age (as discussed in Section 
4.7.1). Any rise in sea-level on the shoreline of Ireland is likely to produce a range of impacts, unlikely to 
be uniform, and influenced by factors such as shoreline type, topography and local variables. However, 
certain coastal types such as tidal deltas, low-lying coastal plains, beaches, islands, coastal wetlands, 
and estuaries may face greater risk due to their physical characteristics. At the small-scale of survey 
relevant to the consideration of architectural and archaeological heritage, consideration of the shoreline 
type and consequent susceptibility to shoreline alteration is a much more important indicator of risk than 
a rise in sea-level per se (as discussed in Section 8.2.2.1). Inundation alone does not necessarily lead 
to significant deterioration of stone monuments on the coast. Many structures such as the medieval 
harbour of Inisbofin Island, Co. Galway (Pavía & Bolton 2001), Belvelly Castle, Co. Cork (Section 4.4.4) 
and the quay at Shippool Castle, Co. Cork (Section 4.4.5) were originally intended to be partially 
immersed. It is the factors associated with sea-level rise which have the potential to cause damage to 
archaeological monuments – increased wave and storm activity, increased coastal erosion and changes 
in climate and weathering parameters. And these associated factors may all be controlled by local 
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variables such as shoreline type, local and regional longshore and offshore sediment transportation 
processes, fetch and exposure to wave energy (discussed in Section 4.2.6). The greatest level of 
damage to coastal stone monuments appears to occur in the inter-tidal zone and the area immediately 
adjacent to the high water mark (Section 4.7.3.4). A relatively uniform rise in sea-level and in the rates 
of coastal erosion may not lead to the widespread destruction of coastal stone monuments. However, 
monuments in areas currently at risk, such as Ballinaskelligs Castle, Co. Kerry (Section 4.4.3) are likely 
to undergo significant deterioration and possible total destruction as the sea encroaches further. The 
effect of coastal erosion is the movement of the damaging inter-tidal zone landward – with consequent 
rapid change in environmental conditions for coastal stone monuments now experiencing a more 
aggressive environment. It was noted that areas at the high water mark and the inter-tidal area 
contained a greater number of factors associated with decay than the other areas. This suggests that in 
addition to the rate at which mean sea-level may rise, any resultant changes in tidal amplitude, 
especially ascending levels of the highest tides may be of great relevance to coastal monuments. A 
further conclusion, for example, is the impact of climate change on coastal erosion processes impacting 
a monument is likely to be intrinsically linked to the characteristics and type of shoreline in the vicinity. 
There may therefore be natural controls on the severity of changing environmental condition, and the 
immediate impact on coastal stone monuments may not be immediately apparent. The key factor is 
likely to be any resultant alterations in existing coastal processes at a particular site, and the resistance 
of a coastal structure to those changing conditions. 
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8.2.3 Stone Decay 
 
The phenomenon of more severe stone decay in coastal areas is well-recorded as a significant threat to 
the coastal monuments of mainland Europe (as discussed in Section 6.3.5). However, in an Irish 
context, a monument located on the coastline does not necessarily experience any greater degradation 
than a similar monument located in a non-polluted inland environment. The evaluation of High Level 
Change through coastal erosion (Chapter 4) showed that the coast brings particular impacts to bear on 
stone monuments regardless of stone type, with monuments composed of limestone, siliciclastic rocks 
and granite all showing physical abrasion, corrosion and other coast-specific decay forms. Studies on 
the Atlantic and Mediterranean coasts of Europe consistently showed the action of salts of marine origin 
to play a significant role in the deterioration of stone surfaces (Section 6.3.6). However, the Lower Level 
Changes recorded through evaluations of stone decay on stone surfaces in Ireland presented a more 
complex pattern of deterioration, where any coast-specific factors were not as clearly identifiable. To 
address the overall aim, the research therefore looked in greater and greater detail at how stone 
monuments were deteriorating: at multi-building scale, single-building scale, single-wall scale, single 
stone scale, and continuing through microscopic and geochemical analyses for greater detail. 
 
The initial observations of coastal stone monuments identified a complex picture of stone decay affected 
by issues of the scale of observation of decay (Section 5.5.1), the weathering history of the structure 
(Sections 5.5.2 & 5.5.7), the morphology of the structure and of individual stones (Section 5.5.3), the 
presence of vegetation (Section 5.5.4), with the most important control on deterioration being the nature 
and properties of the stone (Section 5.5.5). However, while the initial field observations recorded a slight 
tendency to more severe stone decay to monuments located adjacent to the coast (Section 5.5.6), there 
was no clear observable pattern. Further, examples such as the Derrynane ogham stone (Section 
5.4.4.4) were in much better condition than would have been expected from the literature review. The 
395 
 
research therefore focused on determining why coastal buildings in Ireland appeared to survive in much 
better condition than their counterparts elsewhere in Europe. 
 
One of the key observations of the research is that all walls of a ruined, roofless structure should be 
considered as external walls for weathering purposes. Some stones may show greater levels of surface 
alteration and/or surface recession if located in a very exposed orientation (Section 5.5.2). However, the 
majority of the evaluated ruined stone monuments did not show any significant variation in overall 
weathering, apart from the intensity of biological colonisation (Section 5.5.4). In some instances where 
the stone appears particularly vulnerable to deterioration (Section 5.4.5.3), catastrophic surface 
recession leading to failure of individual stone units could be observed to both internal and external wall 
surfaces. The key stone types found in the Irish archaeological record (Wilkinson 1845, Pavía and 
Bolton 2000, 2001) include siliciclastic rocks (sandstones, mudstones and siltstones), limestones and 
granite. The research then focused on the deterioration of two main groups of stone types commonly 
used for both carved and building stone in historic buildings and monuments: siliciclastic rocks 
(sandstones, conglomerates and siltstones) and granite. 
 
The intensity of observed decay ranged from mild to strong across many different scales including Multi-
Building, Single-Building, Single Wall, and Single Wall Unit. The findings suggested a general tendency 
for monuments composed of siliciclastic rock types (sandstones, conglomerates, siltstones etc) located 
on or adjacent to the coastline to show more severe deterioration than similar monuments located in 
unpolluted inland environments when examined at a large scale. However, when focusing at a greater 
level of detail, a more complex picture of stone deterioration emerged. There was no clear indication of 
the cause of this greater severity of deterioration, and no clear indication that this variation could be 
attributed to salts of marine origin or other coastal-specific factors as identified in previous European 
research (Section 6.3.6). In many cases, the particular features and properties of the individual stones 
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or the morphology of the monument or level of exposure emerge as the primary factor governing the 
rate and severity of deterioration of the monument. There does not appear to be any particular 
occurrence of salt-induced decay forms, and salt effloresence was not noted at any of the surveyed 
sites.  
 
Consideration of the preliminary fieldwork findings led to discussion that the siliciclastic stone types 
examined may be too diverse in nature, composition and properties to identify and isolate a single 
common key decay agent, if such an agent is present. It is also difficult to compare the decay of the 
different stone types in a meaningful way at greater levels of detail. The decay processes inducing stone 
surface alteration and/or surface recession to coarse-grained conglomerates and fine-grained siltstones 
and mudstones are not easily comparable. Further, there are too many variations in the properties and 
decay forms exhibited by the wide range of siliciclastic rocks found to the 108 monuments under 
consideration to allow meaningful comparison at a more detailed level of scrutiny than Single-Building or 
Single-Wall level. It was therefore necessary to concentrate on one particular stone type to allow further, 
more in-depth investigations including laboratory analyses to allow the central research question to be 
explored further: granite, incorporating the general findings to date, including the findings that there is a 
slightly greater tendency for strong stone decay at the coast (Section 5.6), and that there are specific 
coastal change processes which can have a detrimental impact on coastal monuments (Section 4.8). 
 
8.2.4 Granite 
 
Granite is a well-defined petrographic group in both mineralogy and texture, and is found as carved, 
dressed, ashlar and rubble stone in the Irish archaeological record (Wilkinson 1845, Pavía & Bolton 
2000, 2001), and occurs in both coastal and unpolluted inland environments in the Republic of Ireland.  
Granite had also been the focus of previous research into the weathering of coastal stone monuments in 
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Europe (e.g. Mottershead 2000, Chabas & Jeannette 2001) which provided a valuable literature base 
for review and comparison.  
 
Granite stone surfaces were examined from the east and west coasts of Ireland, and from inland 
unpolluted environments, ranging from underwater and inter-tidal areas, to stone surfaces located at 
and above the high water mark and progressively further inland. All of the granites examined shared 
some weathering characteristics including key decay forms (granular disintegration, scaling, biological 
colonisation and micro-fracturing). However, consideration of the pattern of deterioration (Section 6.6) 
above the inter-tidal and submerged zones did not reveal any factors which were coast-specific, nor did 
the decay of coastal granite monuments vary significantly from similar granite monuments in unpolluted 
inland environments. Further, the severity of granite decay was not only significantly less than that 
reported by studies from elsewhere in Europe (as discussed in Sections 6.3.5-6.3.7), but there was very 
little variation in the range and severity of the most common decay forms found in coastal and 
unpolluted inland environments in Ireland (as discussed in Section 6.5). Granite monuments showed 
equal ratios of mild (85%) to strong (15%) stone decay and a similar range of decay forms regardless of 
location. Though the occurrence of strong stone decay found to coastal monuments could most often be 
attributed to a coast-specific factor of the inter-tidal zone such as abrasion and corrosion (as discussed 
in Section 4.7.3.2), coastal monuments outside the inter-tidal zone and inland monuments showed very 
little variation in mild stone decay observed in both coastal and unpolluted inland environments, and the 
variation in the range of decay forms present could be associated with building-level, wall-level or stone-
level vulnerabilities. The research therefore uncovered a significant anomaly in the condition of granite 
stone monuments in Ireland in the absence of significant severe and especially salt-related coastal 
stone decay reported elsewhere in the EU, which was considered of great relevance to the central 
research question. 
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8.2.4.1 Granite and the Impact of Salts of Marine Origin on Coastal Stone Monuments in Ireland 
 
“I observed….. that salt exuded from the soil to such an extent as even to injure the pyramids”. Herodotus of Hallicarnassus, 
Book II, c.440 BC 
 
The absence of severe and/or salt-related damage to granite stone surfaces in Ireland was a significant 
finding for the research, which raised issues regarding the level of usefulness and relevance of studies 
from elsewhere in the EU for the study and evaluation of stone monuments in Ireland. The research was 
then further focused on sampling and in-situ testing of historic granite building stone surfaces to confirm 
the visual assessment findings with laboratory testing – specifically to identify any salts of marine origin 
which may be present, and any impact they may be having on the stone fabric. Salts are one of the 
most significant factors in assessing lower level change to coastal structures (Section 6.3.4.3). The 
formation, transport, and crystallisation of salts in rocks and other porous building materials has been 
widely recognised as one of the primary causes of the deterioration of historical architecture, 
archaeological monuments and archaeological objects (as discussed in Section 6.3.4). Salts may not 
always be the original cause of deterioration, but their presence in conjunction with water and/or 
moisture may significantly increase the deterioration rate of a stone. Charola (2000) records that the 
presence of water and/or moisture in the porous material is as important as the type of salt and the 
nature, texture, porosity, and interior surface of the material; and that salts significantly impact on the 
weathering of stone, with scaling and granular disintegration being ubiquitous decay forms to all stone 
types. Salts have been investigated due to their contribution to the deterioration of a wide range of stone 
types used for the construction of stone monuments. The occurrence, origins, mechanism and effects of 
salts on stone monuments are a recurring theme in conferences and research forums (e.g. Delgado 
Rodrigues 1992, Zezza 1996, Moropoulou et al 1997, Galan & Zezza 2002). Sodium Chloride (NaCl), 
the most common salt in oceans, has been associated with significant building stone decay by 
numerous authors to European cities of the Mediterranean, the North Sea and the Atlantic coast. The 
degree of damage caused by marine aerosols is generally considered to be severe (Vicente 1996, Silva 
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et al 2002), formed as sea salt particles (Na+, Cl-, Mg++, SO4- -) are left through evaporation on the 
surface of a building or monument, where they accumulate and penetrate the pore network of building 
stone and the mortars of the joints and the wall core. Galán et al (1996) stated (primarily in the context 
of limestone and marble building stone) that the degradation of built heritage of the Mediterranean 
region could be attributed (in order of importance) to the following factors: 
 
1. Marine spray activity 
2. Industrial and urban pollution (at a local level) 
3. Other factors (such as saline rising damp, and percolating waters) 
 
The research detected a number of patterns within the deposition of salts of marine origin on granite 
building stones. The electron microscopy, ion chromatography and XRF analyses consistently indicated 
that NaCl salts are present to both the surface of the stone and to areas showing active deterioration 
through granular disintegration and scaling. The analyses showed that salt deposition was highest in 
sub-tidal and inter-tidal areas, as would be expected, with salt levels decreasing with increasing 
distance from the sea until reaching trace levels found in groundwater deposits (Section 7.9). Salt levels 
similarly decreased with increasing vertical building height consistent with European findings (Table 
7.14), where salt deposition resulted in bands of damage above ground level and to sheltered 
elevations. Further, Irish granites have been shown to be susceptible to salt-related decay with the 
findings from an urban case study (Section 7.7) similar to deterioration reported in urban contexts 
elsewhere in Europe. However, Irish granites from coastal and unpolluted inland environments do not 
exhibit the severe levels of stone decay which would be expected from comparison with previous 
European studies.  
 
The research had therefore detected a previously unknown anomaly in how granite building stone 
deteriorates in Ireland. The research then further focused to determine any pattern in salt deposition 
which may explain this phenomenon. 
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Salts of marine origin cause damage to historic building stones through a well understood three-stage 
process of deposition, accumulation on the stone surface, and penetration into the porous network of 
the stone where they can crystallise and move (see synopsis in Section 6.3.4). Once within the stone, 
salts may effect a complex series of interacting physical, thermal and hydration stresses as the salts 
crystallise, transforming from a liquid to a solid state. Very soluble salts may transform from liquid to 
solid and back again, in a cyclical cycle that can result in the rapid breakdown of the stone fabric. In the 
case of granites, the porous network, if present, is confined to the surface of the stone. Hence, salt-
related decay of granite results in scaling or granular disintegration of the stone surface and tends not to 
penetrate deeply within the stone. 
 
The analyses showed salts of marine origin to be present through XRF (Section 7.6), XRD (Section 7.5) 
and ion chromatography (Section 7.4). The urban case study (Section 7.7) and previous studies (Pavía 
& Bolton 2001) showed that scaling and granular disintegration are the most common decay forms 
found to Irish granite, consistent with findings from elsewhere in Europe (Section 6.3.3). The research 
then considered an interruption or deviation in the process of deterioration as a possible reason why 
salt-related weathering forms do not develop as expected from other European studies. Salts depositing 
on the stone surface were detected through a number of analytical methods. However, in general, apart 
from sub-tidal and inter-tidal zones, salt levels were generally quite low, and once greater than 1 
kilometre from the sea, rapidly decreased to the levels found in freshwater. Further, at Rossaveal, Co. 
Galway, all traces of salts had been removed at a distance of 600 metres from the high water mark, with 
levels of Na and Cl detected at a lower level than those that would be found in groundwater (Table 7.8). 
High levels of salts were identified to elements such as cills, or jamb stones which are likely exit points 
for salt-laden water exiting from a wall fabric – locations were salts could accumulate to significant 
levels. 
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Salts of marine origin were therefore shown to be depositing, but not accumulating on granite stone 
surfaces, thus interrupting the process of salt-related decay, resulting in a lack of severe salt-related 
stone decay forms to historic stone surfaces. Deposited salts were then either not adhering to the 
surface of the granite, or were being removed by some means such as wind, water or anthropogenic 
measures. The low porosity values common to granitic rocks means a well-developed porous network is 
absent from this stone, preventing ‘salt-loading’ of historic masonry previously recorded for other stone 
types in coastal environments (Smith et al 2004). Salts in granite are therefore confined to the surface 
zone. The building stone surfaces examined throughout the study tended to be abandoned ruined 
structures showing no evidence of previous cleaning, therefore anthropogenic measures were not 
considered responsible for the lack of salt accumulation.  
 
The research suggested that Irish climatic condition, an environment with strong winds and more 
frequent precipitation events than would be experienced on the European mainland and the 
Mediterranean where the majority of previous studies have been undertaken, could be a contributing 
factor. A hypothesis was built that the building stone surfaces are constantly being washed by rainfall, 
removing deposited soluble salts of marine origin before they can accumulate to damaging levels. The 
majority of granite stone surfaces, when viewed in the field and at the extremely high magnifications 
allowed by EM analysis, show fresh, ‘clean’ stone surfaces without a significant accumulation of salts. 
Detected salt levels did not reach the levels found to sea salt crystals, or to samples of Venetian stone 
scales arising from salt-related damage taken for the purposes of comparison. The most likely process 
which could be responsible for the ongoing removal of salts of marine origin are cyclical precipitation 
events in the form of natural rainfall. This would reasonably account for the presence of salts of marine 
origin to sheltered areas only above the inter-tidal zone, and also effectively interrupt the deposition-
accumulation-damage cycle elsewhere on the building. In contrast, European historic stone surfaces 
typically experience a long, hot summer with infrequent precipitation events, but with significant 
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fluctuations in relative humidity (RH). RH fluctuations allow salts contained within and on the surface of 
a building to penetrate the stone, crystallise, re-solubise, and re-crystallise in an ongoing cycle which 
can effectively break down the mineralogical components of a stone (Section 6.3.4). These climatic 
conditions are markedly different to those experienced in Ireland. The data gathered through this study 
suggests that the relatively low levels of salt-related granite weathering and deterioration may be due to 
natural rainfall ‘washing’ salts of marine origin from historic stone surfaces before they can accumulate 
to damaging levels. This stresses the concept of local distinctiveness in building conservation studies, 
and the inherent risks in accepting general findings on stone decay from a different context. The findings 
also reinforced the view that the coast, and especially the land/sea interface, is a specialised 
environment where it is difficult to draw from other building conservation studies. Consequently, there 
was an observed gap in the body of knowledge regarding stone monuments in this particular 
environment and how any vulnerabilities could be understood and assessed. 
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8.3 A Best Practice Model for the Assessment of Vulnerability of Coastal Stone Monuments 
 
There have been dramatic developments in the protection and conservation of archaeological 
monuments in Ireland since the 1990s. This has included legal protection for archaeological sites and 
monuments (Department of Arts, Heritage, Gaeltacht and the Islands 1999) and historic buildings 
(Department of the Environment, Heritage and Local Government 2004), as well as the adoption of the 
conservation plan methodology (Kerr 2000, Clarke 2001) which focused conservation on a sound 
understanding of a historic place and its setting, and identification of its significance and vulnerability. 
This methodology has been adopted for a wide variety of historic buildings and archaeological 
monuments in Ireland, including St. Patrick’s Cathedral, Dublin (Hanna 2006), and the city walls of 
Kilkenny (Munby & Tyler 2005), Dublin (Gowan 2004) and Athlone (Wheeler 2005).  
 
In addition to improvements in legal protection and a wider understanding of the vulnerabilities of 
archaeological monuments, there have also been ongoing refinements and developments in building 
conservation and stone decay studies (e.g. Weaver 1997, Galán & Zezza 2002, Henry 2006), some of 
which have examined the deterioration of stone on the coast in some detail (Sections 6.3.5-6.3.6); 
though findings common to mainland Europe have been shown not to be directly applicable to an Irish 
context (Sections 7.8-7.9).  Studies of the impact of coastal erosion on archaeology elsewhere in 
Europe (Ashmore 1993, James 1996, Sambrook & Williams 1996, Fulford et al 1997, Lowe 1998, 
Dawson 2003) have estimated the vulnerability of coastal archaeological sites on the basis of shoreline 
recession, and focused on recording archaeological heritage in the foreshore, but have not sought to 
understand the process of deterioration. Consequently, there are no studies to date which have sought 
to understand the physical vulnerabilities of stone monuments on a coastline, not to understand the 
processes of deterioration affecting these structures at work on the coast. There was therefore a need 
for a best practice model to allow the vulnerability of coastal stone monuments to be understood. 
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 A key finding of this research was that existing historic building recording methods were inadequate for 
the evaluation of historic structures in coastal locations. The convergence of building deterioration and 
stone decay issues with the coastal environment and its special deterioration processes creates a 
complex, multi-layered set of conservation issues for stone monuments located on a coastline. A key 
output of the research was the formulation of a best practice model for the assessment of the threats 
and consequent vulnerabilities to coastal stone monuments (Bolton 2007), which developed from the 
methodological approach and conceptual framework of the project (as discussed in Chapter 2) and the 
refinement of recording techniques and analyses undertaken during the course of the research.  
 
The initial task is to determine the necessary level of scale(s) of recording that are necessary to 
understand the condition of a coastal stone monument and the level of intervention required to conserve 
it. There are five increasingly detailed scales of evaluation (numbered as sequential tasks in Table 8.3) 
which examine both the coast and the monument, and draw on specialised survey techniques: 
 
Level Assessment Type Specialised Coastal Techniques Task 
1.   
 
 
Geomorphological 
Assessment 
 
 1. Overview of Condition and 
Vulnerabilities of the General Coastal 
Area. 
 
2.   
 
 
 
Inter-tidal and Underwater 
Survey Techniques 
2. Assessment of the Shoreline or Seabed 
immediately associated with the 
Structure 
 
3.   
 
 
Monument 
Assessment 
3. General Assessment of the Building or 
Monument 
 
4.  4. Detailed Assessment of Areas of 
Vulnerability 
 
5.  5. Detailed Assessment of Stone Surfaces 
  
Table 8.3: Scales of Evaluation of a Coastal Stone Monument 
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8.3.1 Geomorphological Assessment 
 
This level of assessment includes two key tasks: a general coastal study (Section 8.3.1.1) to identify the 
shoreline type, tidal range, degree of exposure of the coast to wave and storm action, local sediment 
transport patterns, a review of any available literature, and an assessment of historical and current 
coastal erosion and sea-level change; and a more detailed assessment of the shoreline and seabed 
immediately associated with a coastal stone monument (Section 8.3.1.2) to include the type, nature and 
durability of the substrate, coastal erosion or depositional environment. 
 
8.3.1.1 General Coastal Study  
 
The initial coastal assessment should comprise a desktop review of relevant literature, cartography, 
aerial photography and previous coastal environmental and erosion studies (where available). However, 
much of the existing literature base is composed of wide-scale studies for coastal management 
purposes (e.g. Quellenec 1998), and while providing a good overview of coastal processes in an area, 
are generally not applicable to the relatively small-scale of survey required for the conservation of a 
ruined monument. For the majority of sites, useful information is unlikely to already exist and must be 
gathered through site-specific research, survey, analysis and evaluation.  
 
The geomorphological assessment is the broadest level of assessment, and should ascertain the 
nature, type, present condition and vulnerabilities of a defined section of coastline, and should ideally be 
done twice – once in the spring and once in the autumn for comparison. Different types of coastline 
require different evaluation techniques as many of the decay forms are specific to different coastal types 
(Table 8.3). For example, evidence of a wave-cut escarpment at the toe of a dune or embryo dunes 
could suggest either recent storm damage or a lull in continuing erosion. Glacial till cliffs require different 
questions to be asked as different types of slippage, vegetation cover or the position and nature of the 
toe of the cliff could indicate one or a combination of drainage, storm or continual erosion problems. The 
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principles and techniques used for the broad geomorphological assessment can also be used for the 
more detailed assessment of the shoreline or seabed immediately associated with the structure (Section 
8.3.1.2), and may include assessment in either or both the inter-tidal and underwater zones. 
 
Coast Type Description Typical Problems 
 
Sand Dunes 
Accumulations of wind-blown sand, usually as a series of 
ridges 
Vegetation Damage 
Storm Damage 
Blow-out 
Sand Cliff Cliffs of sand/gravel, either glacial deposits or overgrown relic 
dunes 
Storm Damage 
Continuous Erosion 
 
Glacial Till 
Cliffs 
An incohesive conglomerate normally formed of sand, gravel 
and boulders “floating” in a poorly bound clay matrix, normally 
deposited by glacial action. 
Drainage Problem 
Storm Attack 
Recent Slip 
Continuous Erosion 
 
Storm Beach 
Gravel/shingle ridge or barrier which protects the backshore 
from storm attack 
Ridge active from wave activity 
Storm Damage 
Wash-over by sea 
 
Buildings 
Monuments, seawalls, rock revetments, timber/rock groynes 
etc. 
Wave reflection and longshore drift 
leading to beach lowering and 
undermining 
Table 8.4: Typical Large-Scale Problems Found to some Coastal Cell Types. 
 
 
8.3.1.2 Assessment of the Shoreline immediately Adjacent to a Monument 
 
The assessment of a small section of coast, or coastal cell, is vital to understand the coastal processes 
which may impact on a coastal monument and may have a strong bearing on the feasibility of any future 
practical conservation measures. The durability of the substrate and its resistance to erosion and 
undermining is often the prime determinate of the longevity of a monument located immediately 
adjacent to the high water mark. This task is much more challenging than similar assessment and 
evaluation requirements on terrestrial sites. Though a ruined stone monument may require the same 
amount of investigative work as a similar structure further inland, obtaining the necessary information 
can be a complex and potentially hazardous undertaking. Working conditions associated with 
submerged and partially submerged ruined monuments require thorough planning, and adaptation to 
changing site conditions. In the inter-tidal area, the ruin may only be accessible for a few hours per day. 
For some sites only exposed on certain low spring tides, these may only be dry for a few hours per year. 
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Therefore, the information obtained through assessment of the shoreline is often crucial to 
understanding the changing environmental conditions and weathering factors which may impact on the 
building or monument. However, specialised survey techniques may be required to obtain that 
information (Section 8.3.2). 
 
8.3.2 Inter-Tidal and Underwater Surveys  
 
Inter-tidal and underwater survey techniques can be used to obtain information on the nature and 
vulnerability of both the shoreline, and submerged portions of a coastal stone monument. An Inter-tidal 
Survey generally uses standard land-based techniques with some adjustments for the wet conditions 
and the limited amount of time available between tides. Midsummer is the best survey season as both 
low tide periods can be worked, however continuous working in the inter-tidal area is not possible. 
Winter offers the poorest working conditions with few daylight hours, cold and wet conditions but may 
return more valuable information as the monument can be assessed before, during and after a storm 
event. The main constraint is the condition of the foreshore. Deep layers of thick, sticky mud may 
impede movement, access for a hoist may not be possible, equipment must usually be brought on-site 
and erected each day, and special safety considerations and measures may need to be undertaken. 
Careful planning can maximise the time available on site, however inter-tidal surveying is usually merely 
awkward rather than difficult. A greater amount of recording tends to be carried out in the upper reaches 
of the tide due to the greater window of time available. However, this can be compensated for by 
allowing an overlap with the underwater survey. 
 
Underwater Survey is a specialised activity, with many site-specific limitations including wave activity, 
tidal movements, water temperature and through-water visibility. Underwater visibility is normally the 
most important factor in determining the quality and accuracy of underwater survey, and is a factor that 
can change dramatically from day to day and hour to hour. Underwater visibility may range from nil to 
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greater than 20 metres depending on water depth, water quality, light penetration, time of year, tidal 
conditions, turbidity, marine growth and especially the amount of particulate matter suspended in the 
water. The working time of a diver is limited by depth and pressure and the availability of air (though this 
can be extended by use of surface demand diving). The working conditions may be challenging, but 
underwater survey is normally essential to determine the condition of a coastal monument and to plan 
an effective conservation strategy. 
 
The purpose of underwater surveying for the conservation of a monument is to record a sufficient 
amount of accurate, quality information to determine the condition and key vulnerabilities of the 
structure, and to plan and specify necessary repairs. The type of survey is normally a combination of on-
site visual assessment, survey drawing (generally a two-dimensional plan with supporting descriptions 
and measurements), and photographic survey. A video record of the site can also provide additional 
contextual information as supplementary information. Basic low-tech survey techniques can achieve a 
high level of accuracy on underwater sites. Many of the techniques (Dean et al 1995, Fleming & Max 
1996) and specialised underwater surveying software were developed for recording shipwrecks, but are 
equally applicable to the complex almost organic shapes characteristic of ruined structures.  
 
Photography is one of the most useful underwater recording techniques, though commonly limited by 
poor visibility, low light levels and the refractive index of water (1.33). It is usually necessary to use 
wide-angle lens (with consequent distortion) ranging from 15 – 20 mm in all but the clearest water. Low 
light levels can be treated with artificial light sources, and poor visibility can be compensated by 
choosing an optimum dive time and good diving techniques to prevent disturbing sediments on the 
seabed or on the monument. Underwater visibility is unlikely to allow large sections of, or an entire 
structure to be photographed. As ruined structures often present large flat areas of masonry surface, 
photo-mosaics of overlapping photographs can be very effective. A photo-mosaic can be quickly created 
using a photo-tower with 50% overlap between shots (containing a scale) and later digitally matched 
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and corrected. This can provide a high cost-effective degree of detail to complement and corroborate a 
drawn survey. 
 
There are a wide range of geophysical and remote sensing equipment and techniques available which 
are commonly used for mapping and interpreting submerged structures, and these may usefully form 
the basis for future research. The quality and accuracy of the information returned is continuously 
improving, and can be very valuable in interpreting the nature of the seabed and the extent and/or 
distribution of submerged structures. However, the majority of these techniques are currently of limited 
use for the consideration of the conservation of these ruins. The exception are remotely operated 
vehicles (ROV’s) which allow for long periods of visual (video and still photography) monitoring and 
limited sampling. Other specialised applications include the use of underwater metal detectors to locate 
iron cramps and other submerged metal features. 
 
8.3.3 Risk Evaluation of a Coastal Stone Monument 
 
In order to evaluate the vulnerability (or risk) threatening a coastal stone monument follows on from the 
geomorphological and shoreline assessments, and requires the increasingly detailed assessment of the 
structure at three main levels (after Table 8.3):  
 
• General Assessment of the Building: Survey of the extent of the building or monument (and 
including a literature review), noting design, materials, condition, range, type and level of 
colonisation by marine organisms, and identifying areas of vulnerability (Section 8.3.1.4). 
• Detailed Assessment of Areas of Vulnerability: e.g. assessments of local undermining, wall 
movement and other structural issues, areas of severe stone deterioration etc (Section 8.3.1.4). 
• Detailed Assessment of Stone Surfaces to identify decay forms and processes and the 
presence of any soiling, biological colonisation, salts or other harmful material (Section 8.3.1.4). 
 
These assessments follow established historic building conservation methodologies (e.g. Ashurst 
1994b, Cooper et al 1995, Pavía & Bolton 2001, Fitzner & Heinrichs 2002, Ashurst 2007), but need to 
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be undertaken with an understanding of coast-specific decay processes (outlined in Section 8.2.2) and 
localised areas of more advanced deterioration which may be associated with salts of marine origin 
(Section 8.2.4.1). These increasing detailed assessments of a coastal stone monument should also 
incorporate a risk evaluation to identify and assess the key vulnerabilities of the structure, in order to 
prioritise any future repair or conservation work. A range of conservation issues may impact on a 
coastal stone monument. The type, rate and severity of the decay forms can normally be sorted into 
vertical and horizontal zones corresponding with submerged, inter-tidal and spray zones on the 
shoreline. Mapping the risks and vulnerabilities in these different zones is the most effective way of 
understanding the decay processes (for example by mapping decay forms) and planning a conservation 
strategy. Table 8.4 outlines some of the impacts to be found. 
Area Type of Impact Intensity of Damage 
 
U/W 
Wave action 
Corrasion and abrasion 
Biological colonisation (marine sub-littoral) 
 
Low to moderate 
 
 
 
I/T 
Coastal erosion leading to undermining of structures 
Fluctuating beach levels leading to undermining of structures 
Daily wet-dry cycling 
Wave and surf abrasion 
Corrasion 
Sea Spray (at low tide periods) 
Increased periods of wetness 
Biological colonisation (marine littoral) 
 
 
 
Moderate to Severe 
 
 
HW 
Erosion of shoreline leading to undermining of structures 
Wave and surf abrasion 
Corrasion 
Sea Spray 
Increased periods of wetness 
Biological colonisation (terrestrial and marine supra-littoral) 
 
 
Moderate to Severe 
5M Sea Spray 
Biological colonisation (terrestrial) 
Low 
Table 8.5: Typical Macro-Scale Decay Processes Acting on Historic Stone Masonry at Different Zones of the Shore. 
 
The risk evaluation can be a key tool in understanding the current condition and stability of the structure, 
critically evaluating and comparing the key vulnerabilities, and allowing a measured assessment of 
where any future repair or conservation work should be undertaken.  
 
411 
 
8.4 Future Research 
 
The research noted a number of research strands which could be usefully drawn from the findings of the 
research. 
 
Greater Knowledge of the Coastal Resource: There is a need to better quantify and qualify the nature 
and extent of the coastal archaeological resource in order to inform protection and conservation, 
including an update to the current record of Irish archaeological and architectural records of protected 
structures and monuments, and a revision of their scope. The inter-tidal and submerged areas require 
basic survey and literature review comparing historic cartography with modern aerial photography and 
satellite imagery to attempt to quantify the extent of the coastal archaeological and architectural 
resource in order to identify buildings and structures of significant cultural value which should be 
afforded protection. This would form an important step in assessing the nature of the resource, and then 
allow more accurate analysis of developing threats to their sustainable future.  
 
Improved Recording Methods: Recent improvements in terrestrial surveying techniques, GIS 
capability, and marine remote sensing and underwater digital photography is transforming the rapidity, 
quality and accuracy of data capture and interpretation. There is great potential for developing a fast, 
cost-effective data capture methodology to record and interpret the coastal resources of Ireland. This 
would not only enable greater knowledge of the archaeological and architectural resources of the coast, 
but would also have useful applications for education, planning, tourism and development purposes for 
potential users from central and local government, academia, commercial enterprises and the general 
public. 
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Bioerosion vs Bioprotection in the Coastal Zone: The research noted that marine organisms could 
be useful indicators of the type of environmental conditions experienced at a particular site or structure, 
and that marine organisms could play both protective and erosive roles on a stone monument. The 
management of the natural habitat, e.g. planting marram grass in sand dunes, is a widespread 
technique to manage shoreline change. There is strong potential for a useful study to be undertaken into 
the protective and erosive roles of biological organisms to important stone structures in both terrestrial 
and marine environments, which could prove a cost-effective and sustainable method of contributing to 
their continuing preservation. Work has already been undertaken by English Heritage in this area 
(Ashurst 2007) in the form of ‘soft’ wall capping to ruined stone monuments. However, this area could 
be usefully expanded by further study to consider which species, both terrestrial and marine, form a 
positive contribution to the protection of both the building and the site. 
 
Practical Conservation Measures in the Inter-tidal and Submerged Zones: The range, usefulness 
and feasibility of conservation and repair works to coastal stone monuments in the inter-tidal and 
submerged zones is outside the scope of this research, but would be a potentially useful subject for any 
future research, particularly in the face of rising seas and increased storm activity predicted for the 21st 
century (as discussed in Section 4.2.3 & 8.2.2.4). There are a large number of historic towns, ports and 
coastal sites internationally which are either partially or entirely submerged in freshwater or marine 
environments. In Ireland, there is likely to be a significant number of coastal monuments and historic 
buildings which are vulnerable to sea-level rise and more severe and more frequent storm events 
predicted in current climate change models for the 21st century. A large portion of these buildings are 
likely to be buildings of significant architectural value which are protected under statutory legislation 
administered largely through planning legislation. However, while this research has outlined a best 
practice method for assessing vulnerabilities to coastal monuments and buildings, there is very little 
available information on how to adapt practical conservation, maintenance and repair measures in the 
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face of rising sea levels. While recording in the inter-tidal and submerged zones is normally awkward 
rather than difficult, this is unlikely to be the case for undertaking work in these zones. However, owners 
of protected structures, including central and local government authorities as well as private individuals 
and companies, have an obligation under current legislation to maintain protected structures and to 
effect any necessary repairs in a prompt and timely manner. However, it is not clear which measures 
are likely to be practical, and which are unfeasible. The current standards and work practices for coastal 
structures do not meet the standard of work required for historic structures under the national and 
international statutory frameworks for the protection of both the archaeological and the architectural 
cultural resources. There will therefore be a future need to adapt building practices, introduce additional 
practices as well as health and safety measures etc to adapt to working in unfamiliar and changing 
coastal environments in Ireland, across Europe and internationally.  
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Glossary 
 
Adamellite: Igneous rock where the ratio of alkali-feldpars to total feldspars are in the range of 35-65%, and the felsic to 
quartz is in the range 5-20%. 
Amphiboles: A group of minerals including asbestos. 
Amplitude: Height of a wave: An ocean wave has an amplitude equal to the vertical distance from still-water level to wave 
crest 
Apatite: A group of hexagonal phosphate minerals, sometimes appearing as a ‘vein’ in granite. 
Anion: Any element/polyatomic ion with a negative charge. 
Antae: A prolongation of the side walls in advance of the gable ends. 
Ashlar: Squarely, finely-finished masonry. 
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Awash: Situated so that the top is intermittently washed by waves or tidal action.  Condition of being exposed or just bare at 
any stage of the tide between high water and chart datum. 
Batholith: Large discordant plutonic rock mass exceeding 100 square kilometres in area made up of multiple intrusions of 
granite and related rocks. 
Batter: Inclined face of a wall. The stronger inclination at the base of a wall is termed the base batter. 
Beach: The zone of unconsolidated material that extends landward from the low water line to the place where there is 
marked change in material or physiographic form, or to the line of permanent vegetation (usually the effective limit of storm 
waves).  
Biocide: Chemical substance capable of killing living organisms, usually in a selevtive manner. 
Biotite: Black-coloured mica 
Breccia: Similar to Conglomerates. However, while show rounded particles >2 mm Ø, if the stone shows angular, broken 
fragments, the rock is termed a breccia. 
Bryozoan: A colonial marine animal. 
Cations: Any element with a positive charge. 
Chelating Agent: Organic compounds which form coordinate bonds with a metal ion. In the contect of stone weathering, a 
chelating agent extracts metal ions from minerals and rocks.  
Clast: An individual fragment of a pre-existing rock held in a sedimentary rock. 
Cobble: A rock sized between 64 and 128 mm in diameter. 
Conglomerate: coarse-grained clastic sedimentary rocks composed of particles >2 mm Ø set in a fine-grained matrix of sand 
and silt and commonly cemented by calcium carbonate, silica, iron oxide or hardened clay. 
Corrasion: Mechanical wearing away of a rock by the action of solid materials moved in a fluid. 
Cruck: A curved timber, one of a pair, which supports the roof of a building. 
Cyclopean masonry: Style of masonry formed of huge boulders roughly fitted together with minimal clearance between 
adjacent stones and no use of mortar, named after the style found in Mycenaean fortifications in Greece. The term is also 
sometimes used to refer to mortared masonry of large blocks which superficially resembles Cyclopean masonry.  
Differential Erosion: Occurs when erosion does not proceed at the same rate from one area of a stone to another. 
Diorite: Coarse-grained dark-coloured igneous rock (marketed as ‘black granite’). 
Dissolution: The process of dissolving a solid substance into a solvent to yield a solution. 
Dressing: Stone worked to a finished face, smooth or moulded, and used around an angle, window or any feature. 
Drystone: Stone construction without mortar. 
Effloresence: The loss of water of crystallisation from a hydrated salt on exposure to air. 
Endolithic: An organism that lives inside rock, coral, animal shells or in the pores between the mineral grains of a rock. 
Eustatic: worldwide changes in sea level. 
Feldspar: A group of rock-forming minerals which make up about 60% of the Earth’s crust, and an essential component of 
most igneous rocks. 
Fetch: The distance in the direction of the prevailing wind that air or water can travel continuously without obstruction. 
Finial: A formal ornament on top of a canopy, gable, pinnacle etc. 
Fissility: The property of splitting or dividing readily along closely spaced parallel planes. 
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Flaser bedding: Discontinuous curved lines of finer sediment (mud- of silt-sized particles) deposited in the troughs or draped 
over ripples in cross-laminated sands. Flaser bedding is characteristically produced where rippled sand is moved by the tides 
on inter-tidal mud flats. 
Foliation: Planar arrangement of minerals. 
Fracturing: Occurrence of cracks in a rock due to mechanical and/or chemical stress. 
Garnets: Common mineral found in all colours (except blue). 
Geomorphology: the study of landforms and the processes which shape them. 
Glacial Erratic: Glacially transported stones and boulders, ranging in size from pebbles to huge boulders weighing thousands 
of tons. 
Gneiss: Foliated usually coarse-grained rock. 
Goethite: Form of iron oxide appearing yellow/brown/red. 
Granite: Coarse-grained alkali-rich plutonic igneous rock composed principally of quartz and one or two feldspars. 
Granodiorite: Coarse-grained igneous rock containing less alkali-feldspar than granite. 
Greywacke: A well-compacted and cemented dark-grey or greenish-grey coarse-grained sandstone characterised by angular 
particles of quartz, feldspar and rock fragments embedded in a clayey matrix that forms more than 15% of the rock. 
Hematite: Form of iron oxide showing individual crystals arranged in hexagonal system. 
Holocrystalline: Rock formed by interlocking crystals and containing no glass (super-cooled liquids) 
Hornblende: dark green/black-coloured mineral. 
Jointing: Surface fractures (horizontal or vertical) in a rock without displacement. 
Lacustrine: relating to a lake. 
Lamination: the formation of laminae (the thinnest discernible layers in a sedimentary rock). 
Lenticular: Lens-shaped in cross-section. 
Littoral: The area between the mean high water and mean low water marks, covered and uncovered by tidal action. Also 
termed the inter-tidal zone. 
Lutitic: Sandstone type containing 33-50% silt-sized particles. 
Magnetite: Form of dark-coloured strongly magnetic iron oxide. 
Mica: A group of monoclinic phyllosilicate minerals characterised by their platey habit, perfect basal cleavage which occur ina  
wide range of igneous and metamorphic rocks and some sedimentary rocks. 
Micro-fracturing: Fracturing identified under high magnification, not visible in hand sample. 
Monzodiorite: Dark-coloured coarse-grained plutonic rock. 
Monzonite: Igneous rock containing more alkali-feldspar than diorite, and almost no quartz. 
Mudstone: all mudrocks with a finer-grain than siltstone (particles in the clay-silt range <0.004-0.062 mm Ø). 
Murder Hole: Aperture in a floor or vault over a doorway or entrance lobby or passage, through which defenders could fire on 
assailants. 
Muscovite: transparent mica. 
Neap: The lowest tides, occurring in the second and fourth quarters of the moon. 
Orthostat: Upright stone. 
Patina: Alteration of a surface accumulated over a long period of time. 
Petrography: Branch of geology involved in the description and systematic classification of rocks. 
Phenocrysts: Large crystals found in an igneous rock. 
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Phyllite: Metamorphic rock characterised by lustrous, often undulating, well-developed cleavage surfaces, silvery-grey in 
colour. 
Plagioclase: A sub-group of feldspars. 
Pluton: Any major intrusive body of igneous rock formed beneath the surface of the Earth by the consolidation of magma. 
Porphyritic: Igneous rock showing large crystals (phenocrysts) in a gound-mass (matrix) of finer crystals or glass. 
Pyroxene: Common rock-forming mineral. 
Quartzite: Metamorphic rock consisting primarily of quartz grains formed by the recrystallisation of sandstone. 
Rutile: Red/brown/black-coloured ore of titanium. 
Sandstone: a sedimentary rock composed of fine-grained particles (0.062-2 mm Ø) with varying amounts of a fine-grained 
matrix of clay or silt. 
Scaling: Lifting and eventual detachment of large, planar elements from a stone surface. 
Scarp: High, more or less continuous cliff or long steep slope situated between a lower more gently inclined surface and a 
higher surface. 
Schist: Metamorphic rock not defined by mineral composition but by the parallel orientation of >50% of the minerals present. 
Scontion: The inner angle of a door or window opening. 
Scree: Heap of rock debris produced by weathering at the base of a cliff. 
Siliclastic: Siliclastic sediments (sometimes referred to as terrigeneous or epliclastic deposits) consist of clasts (fragments) 
which have been produced by weathering and erosion of pre-existing rocks and minerals and, typically, transported 
mechanically to their point of deposition. 
Siltstone: a fine-grained sedimentary rock composed of fine grains (0.004-0.062 mm Ø), and is the coarsest-grained of the 
mudrocks. 
Spall: Fragments of material broken off a larger body through a variety of mechanisms. 
Sphene (titanite): A yellow, green or brown accessory mineral found in granitic rocks. 
Sub-littoral: The area below the mean low water mark. 
Supra-littoral: The area above the mean high water mark. 
Tafoni: Large voids (small voids are termed alveoli) found as a weathering form in rocks. 
Tectonic: Relating to the deformation of rocks in the Earth’s crust. 
Thallus: Undifferentiated vegetative tissue of some non-mobile organisms. 
Tufa: Chemical sedimentary rock of calcium carbonate precipitated by evaporation, commonly occurring as an encrustation 
around the mouth of a spring or along a stream. 
Turbidity: Cloudiness or haziness of a fluid caused by suspended solid matter particles. 
Windage: The pressure exerted by air pressure on a building surface. 
Xenolith: Inclusion in an igneous rock (i.e. has not crystallised from the same batch of magma). 
 
 
